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CROP YIELD PER ACRE. 



By V. H. Olmsted, 
Chief of Bureau of Statistics, United States Department of Agriculture. 



In compliance with the request of the commission for information 
regarding the average yield per acre, by decades, of certain leading 
representative agricultural crops of the United States, to be used in 
answering one of the inquiries propounded by the executive com- 
mittee or the National Conservation Commission, I hand you here- 
with three statements, marked "A," " B," and " C," respectively. 

The statement marked "A" shows the average yield per acre for 
the decades 1867-1876, 1877-1886, 1887-1896, and 1897-1906, of nine 
of the principal crops, to wit, com, wheat, oats, barley, rye, hay, buck- 
wheat, potatoes, and cotton, for each State and Territory, with the 
total average yield for the same decades for the United States of each 
crop. 

The statement marked " B " shows the average yield per acre in the 
forty years 1867-1906, and the average yield m each aecade for the 
same crops covered by the statement marked "A," in the United 
States as a whole. 

The statement marked " C " compares, in percentages, the average 
yield per acre of the crops in question in each decade with the average 
yield per acre for the entire forty years, the yield for the whole period 
being represented by 100. 

The inquiry to which these figures are given in reply, taken in 
connection with its subinquiries, is apparently based on the presump- 
tion that there has been, and is constantly going on, a diminution m 
the average productivity of the soil. 

A perusal of the figures submitted shows such presumption to be 
erroneous. A brief glance at the statement marked " C will con- 
vince one of this fact, as it stands out with great plainness that dur- 
ing the decade ending with 1906 there was a substantial increase in 
productivity as compared with the entire forty-year period. This 
IS not true of a single crop only, but of every crop covered by the 
statement, and were it possible to give exhaustive figures regarding 
many other crops the same results would undoubtedly be shown. 

That there should be an increase instead of a decrease in the soil 
productivity might be expected when the work which has been 
carri«i on by the Department of Agriculture is taken into considera- 
tion, particularly during the last dozen ^ears. It would be stran[2:e, 
indexed, if all the work of this great department should result in no 
advantage to the agricultural interests of the country. 
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A brief mention of some of the lines along which the betterment of 
agricultural industry has been accomplished by the Department of 
AOTiculture may not be out of place in this connection : 

The Bureau of Plant Industry, whose ramifications extend to every 
section of the country, is constantly teaching the farmers how to 
improve their crops by breeding and selection ; now to put into opera- 
tion the best methods of farm practice; and how to prevent diseases 
in plants. It is constantly securing and distributing new and 
improved varieties of seeds and plants; studies and disseminates in- 
formation as to their adaptability to the various sections of the 
United States, and is contmuously carrying on the enormous work 
which must, in the very nature of things, result in vast improvement 
in agricultural conditions. 

The Bureau of Soils investigates soils in their relation to crops; 
their adaptation to crops; their proper utilization and managemwit: 
and information is disseminated in relation thereto, to which all 
farmers have access. 

The Office of Experiment Stations represents the department in its 
relations to the aOTicultural colleges and experiment stations scattered 
throughout the tength and breadth of the United States. In these 
experiment stations ocular demonstrations are given of the best 
methods of cultivation and of the best varieties for the cultivator. 

The Bureau of Entomology obtains and disseminates information 
in regard to injurious insects affecting field crops, fruits, truck crops, 
forest, and forest products, etc., and gives instructions as to the best 
methods for their suppression or the prevention of their ravages. 

The Bureau of Biological Survey investigates the economic rela- 
tions of birds and mammals which are beneficial to agriculture, and 
also of those which are destructive. 

The Bureau of Chemistry makes such investigations and analyses as 
pertain in general to the interests of agriculture, dealing with fer- 
tilizers and agricultural products. 

The Weather Bureau gives timely warning by the display of 
weather and flood signals, and issues storm warnings for the benefit 
of agriculture, which information enables farmers to adopt measures 
for the protection of their growing crops or those already harvested. 

The beneficial effects of the work of these bureaus, and of the 
Department of Agriculture generally, are clearly shown by the figures 
covering the last decade, during which their operations have been 
actively and widely extended. 

The agricultural resources of the country have been, and are con- 
stantly being, conserved by the Department of Agriculture; and it is 
impossible to estimate in terms of dollars and cents the enormous 
benefit that has accrued to the farmers of the United States through 
the operations of this department. The amount of money which has 
been expended by it under congressional appropriations is a mere 
bagatelle when compared with the amount gamed by the people 
through its operations. 
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12.8 

14.0 

lai 

16.4 
16.6 

ia6 

17.9 
16.8 

ia8 

11.2 
ft6 

'a9 

*ft9 
'11.2 
16.9 


140 
11.7 
16.4 
15.0 
12.6 
14 2 

lao 

11.6 
11.7 

las 

11.3 
7.7 
ft9 

a6 

48 
P6.6 
e4 9 

ia2 

12.4 

lai 

12.9 
14 4 
1&4 
•13.4 
13.1 


140 
142 


rfl5.9 

^ia9 


0.88 
1.00 
1.05 
1.10 
1.02 
1.19 
1.21 
1.26 
1.19 
1.13 
1.11 


a97 

.96 
1.06 
1.14 
1.04 
1.06 
1.16 
1.14 
1.20 
1.02 
1.00 


0.97 
.96 
1.17 
1.15 
.96 
1.02 
1.09 
1.18 
1.16 
1.14 
1.18 
1.07 
1.04 
1.29 
1.24 
1.28 
01.39 
1.17 
1.17 
1.18 
1.16 
1.19 
1.30 
1.26 
1.18 
M.23 
*1.09 
1.16 
1.16 
1.19 
1.23 
1.48 
1.47 
1.67 
1.22 


1.00 


New Hampshire 


1.06 


Vermont 


14 3 1 17.3 


1.27 


If asmchusettff r 


1&4 

/ia2 

14 

ia8 

12.6 
13.1 

/a2 

11.2 

a4 

ft4 

a7 

6.6 

ao 
rfiae 

14 

las 

14 9 

lai 

14 3 

ia3 

16.7 
12.7 


lai 

'i7.'7' 

ia3 

lai 

ia3 

/ia4 

14 8 
11.6 

11.1 

ftO 
7.5 
7.4 

n.'i' 

14 6 

ia8 

16.0 

ia3 

1ft 
17.7 
14 3 
15.6 

lao 

17.0 
14 3 

ia2 

11.3 

lao 
'ii*7* 


1.30 


Rhode Island 


1.05 


Oonnectlwt 


1.12 


New York 


1.24 


New Jersey 


1.29 


Pennsylvania 


1.30 


Delaware 

Maryland 


1.30 
1.22 


Vlrrinla 


1.18 1.16 
1.17 1 1.10 


1.22 


West Virginia 


1.86 


North Carolina 


1.29 
1.01 
1.29 
'1.15 


1.26 
1.16 
1.34 
'1.06 


1.64 


Bouth Carolina 


1.87 


Georgia 


1.53 


Florida 


1.38 


Ohio 


1. 19 1 1. 24 
1.29 i 1.32 
1.36 1 1.38 
1.22 1.27 
1.35 ! 1.28 


1.35 


Indira 


1.36 


nunniq , 


1.82 


Michigan 


1.34 


Wisconsin 


1.64 


Minnesota 


1.4fi 
1.48 
1.40 
\ 


1.40 
1.36 
L26 


1.66 


Iowa 


1.64 


Mtfffoiiri 


1.27 


North Dakota 


'i«^H'-' 


1.46 


South Dakota 


> n.sz< 

V65'l.46^ 


1.36 


Nebraska 


'15.0 

ia5 
ia2 

<7.2 
Q6.7 

'ao 

'7.4 
•11.8 


12.4 

lao 
ia9 

7.6 

7.9 

/7.3 

'ft 9 

a9 


1 56 


Kansas 


1.46 
1.25 
1.31 
1.25 
1.32 
<1.45 


1.40 
1.24 
1.26 
1.31 
1.32 

n.ifi 


1.43 


Kentucky 


1.36 


Tennessee 


1.60 


Alabama 


1.74 


Mississippi 

Louisiana. . 


1.68 
1.99 


Texas 


1.40 1 1% 


1.61 


Indian T«rT\*ory 


.1" " 






/1. 41 


Oklahoma 






/2a 6 








/14 

11.1 

/22.8 
/20.2 
17.2 






al.32 
1.22 
1.16 
1.22 
1.76 
1.70 
1.70 
1.81 
2.06 
1.76 
1.67 
1.60 
1.64 


/1. 32 


Arkansas... 


dl6.0 


«*2ao 

#28. 5 1 27. 6 


36.0" 

/2a 6 

31.6 
27.0 
fM.4 

501 1 


13.1 


&6 


&3 


1.38 


1.31 
'1.09 
'1.18 


1.63 


Mimtana 


1.69 


Wyoming 










1.93 


Colorado 




023.4 , 26.1 
Oft 5 22 




^a6 


ia2 


tfl.lfi 


2.23 


New Mexico 






'1.10 
'.98 


2.50 


Arisona 




«lft2 
'22.4 

m.8 

'27.1 
'30.3 
26.8 

2a6 

^2a6 


^22. 6 
26.9 












3.00 


TTtah-_ 




'11.0 } 14. .S 


ia7 

/2d'6" 

ia3 

14 6 
12.0 




3.02 


Nevada.. . . 


(^27. 2 


'27.6 /34.8 O25.0 
25.8 37.7 


'ii'i 
'lai 

17.8 
'12.0 

«>17.4 


dl2.0 

«I12.2 

16.4 

12.4 

12.8 

«il2.8 


pi. 40 'o\.X2 


2.60 


Idaho 


M.'io' 
•1.41 
*1.46 


'1.21 
'1.31 
1.64 
1.47 
'1.41 


2.85 


Washington 




2ft9 
26.2 
21.2 
d242 


3ft0 

3a9 A24.2 
22. 6 i *21. 6 
^24.2 


2.24 


Oregon 


ft29.0 
<23.2 

'2&8 


2.08 


California, . 


1.83 


The Territories 










United States 


22.8 


22.4 


22.7 


2&6 


13.6 


13.0 


12.9 


16.7 


1.22 


1.24 


1.20 


1.43 



a 1 year. 
t2years. 



<3years. 
'4years. 



< 5 years. 
/Oyears. 



^7 years. 
A 8 years. 



< 9 years. 
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CHOP YIELD FEB AOBE. 
Yield per acre — Continued. 





Bock^^ieatCbaahels). 


Potatoes (boahels). 


Cotton (pounds). 


states and Territories. 


1867- 
1870. 


1877- 
1886. 


1887- 
1806. 


1897- 
1906. 


1867- 
1876. 


1877- 
1886. 


1887- 
1896. 


1897- 
1906. 


1867- 
1876. 


1877- 
1886. 


1887- 
1806. 


1897- 
1906. 


M9^rm . 


22.2 
19.6 
2a3 
14.0 
*1&6 
17.1 
1&8 
16.5 
1&2 


21.1 
W.1 
2a7 
14.0 

/ia4 

12.7 
14.9 
14 4 
14.5 


2&8 
2a8 
22.9 
16.4 

<tl3.1 
13.9 
16.2 
14.2 
l&l 

M6.4 
14.0 
ILS 
14.0 
11.7 


29.6 
22.0 
23.4 
17.9 

iV.'i 
17.7 
19.8 
1&4 
16.1 
16.6 
16.3 
19.0 
14.6 


m 

120 
140 
112 
92 
96 
96 
78 
89 
77 
70 
67 
77 
86 
78 
<83 
'95 
84 
75 
76 
92 
88 
104 
97 
80 

98 
70 
72 

67 
78 
84 
100 


99 
96 
107 
96 
91 
79 
81 
82 
77 
71 
71 
67 
71 
71 
66 
<62 
/68 
76 
70 
78 
87 
83 
99 
86 
76 

71 
67 
71 
72 
69 
/63 
66 


110 
98 

101 
99 

103 
86 
77 
78 
77 
68 
70 
70 
70 
71 
66 
64 
74 
66 
64 
66 
72 
77 
85 
73 
74 

»83 

A62 
63 
60 
66 
64 
66 
67 
66 
66 


168 
106 
109 
96 
123 
94 
80 
91 
79 
70 
76 
72 
78 
68 
74 
63 
76 
77 
73 
80 
83 
94 
87 
81 
78 
94 
82 
83 
75 
67 
60 
66 
76 
64 
66 
/73 
/80 
67 
144 
133 
112 
68 










N^iF Hwppehfn 










Vennont... 










Haffif^>>iMAtt4T 








. .... 


Rhod^ Tsland 










Coon^tJcYit 








.... 


New York 




















Pennsylvania 










Delaware 


M&5 /13.4 










Maryland 


17.0 
14.8 
16.8 


14.6 
12.7 
12.9 










Vizcinia 


175 


177 


155 


177 


West Virginia 


North Carolina 


»17.4 iriaO 
1... 


164 
154 
154 
128 


172 
152 
146 
106 


170 
157 
161 
111 


207 


South Carolina 


180 


Georgia 


1 






176 
121 


Florida 








Ohio 


13.8 12.4 1 13.4 


17.0 
1&9 
1&2 
14.3 
15.4 
l&l 
148 
142 
dll.9 

'ii's* 

/13.4 
*i&6* 




Indiana 


15.8 n2.2 


13.0 
12.4 
13.8 
12.6 
12.2 
12.8 
12.1 










Tinjufh 


14.6 
16.5 
16.5 


11.9 
14.5 
11.8 










Michigan 










w^isconsin ..^. ^ 










VHllMfAt^ 


16.7 12.5 
18.1 'a2.3 
la 5 1 <13. 3 










Iowa ...:::: 












231 


205 


210 


242 


North Dakota 


\ i ^ « , r ai2. 1 




Sooth Dakota 


ns.9 

17.1 

M6.1 

12.4 


"*^n:m.9 










Nebraska 


a2.6 
12.7 
/9.5 

na9 


ia7 
<ia5 

dl2.4 
11.3 










Kansaff 










Kentucky 










Tennessee 


165 
152 
185 
212 
233 


190 
142 
176 
200 
190 


165 
150 
178 
207 
189 


184 


Alab^Tna 


166 


Mississippi 










206 


Loaisiana. 








244 






1 




181 


Indian Territory 










249 


Oklahrnnft 






















240 


Arkansas 










80 


80 

• 104 
<96 
^79 
• 79 
«64 
«94 
994 
<99 

• 119 
109 

97 
<111 


70 

108 

109 

92 

72 

<71 

103 

118 

116 

121 

92 

82 


217 


226 


203 


215 


Montana 




13.2 


«'13.4 




Wyoming 
















Colorado 




















NewMezk» 




















Arliona 




















Utah 












140 
144 
139 
132 
107 
119 










Nevada 


27.5 








P104 










Idaho 
















Washington 




22.0 
/14.5 
<20.4 


<17.6 
M&8 
rfl4.0 














Oregon 


/22.3 
*23.2 
028.8 


rfl5.6 


»116 

ni7 

n20 








...... 


CaUtomla 










The Territories 
























United States 


17.6 


14.5 


15.3 


l&l 


90 


82 


75 


86 


181 


170 


172 


191 



• lyear. 
^ayean. 



« 3 years. 
'4yean. 



• 6yearB. 
/6yearBi 



97year8. 
k 8 years. 



< 9 years. 
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B. 

The ayerage yield per acre in the forty years 1S67-1906 and the average yield 
in each decade, for specified crops in the United States, were as follows; 



Cwp. 


l«7-ig06. 


]0Of-1879. 


1877-1886. 


1887-1806. 


1807-1906. 


Corn 


bosheli.. 


2&S 


16w2 


26.1 


94 


28^4 


Wheat 


do.... 


12.7 


12 


12.8 


12.7 


1&8 


Oatii 


do.... 


27.7 
23.4 


. 27.6 
22.8 


27.8 
22.4 


26.6 
22.7 


80.1 


Barley 


do.... 


»^6 


gry:::;;.-.-;.;;;.;;. 


do.... 


13.8 


18.6 


ia8 


12.9 


16.7 


torn.. 


L» 


1.22 


1.24 


1.20 


1.43 


Buckwheat 


busheli.. 


10.4 


17.6 


14.6 


1&3 


18.1 


Potatoes 


do.... 


83.8 


90 


82 


76 


86 


Cotton 


pouDdi.. 


179 


181 


m 


173 


Itl 



Reppesenting the average yield of the forty years 1867-1906, by 100, the 
relative average yield per acre in each decade was as follows : 



Ctq|>. 


1867-1876. 


1877-4886. 


1887-1896. 


1897-1906. 


Com » 


PereenL 
104 
94 
90 
98 
99 
96 
107 
106 
102 


Pertent, 
100 
98 
100 
96 
94 
97 
89 
90 
95 


PereenL 
96 
100 
92 
97 
93 
95 
93 
90 
96 


Percent. 

la 


Wheat - 


106 


Oats 


109 


Barley 


109 


Rve 


114 


SSv;::;:::::;:::::::::::::::::::::::::::::::::::::::: 


112 


Buckwheat 


111 


Potatoes 


108 


Cotton .... X 


1(7 
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(m? YIELD AND SOIL COMPOSITION. 



Bj Dr. MiLTOH Whitrxt, 
Chief of Bureau of Bofls, United Statee Departnient cff Agrlcalture. 



THS TEBTHJTY OF THE SOILS OF THE UUI T ED STATES AS 
KEASUBED BY THE YIELDS OF CBOPS. 

At the recent oHiference at the White House on tiie crmaervatian 
of our natural resouroes, Mr. J. J. Hill cave very forcible expression 
to an idea which is onrte commonly held, that the fertility of our 
smls is bein^ reducea and that the^ are becoming exhausted. He 
used three illustrations to prove the point, namely, the yield per acre 
of wheat in the States of New York, Kansas, and Minnesota. In 
New York the average yield for tiie past ten years, he states, is about 
18 bushels; during the first five years of this period the yield was 
18.4 and during the last five years 17.4 bushels, apparently lowing 
sn alarming decrease during a ocnnparatively short time. If, how- 
ever, he had gcme further bs^ into the official records of the Bureau 
of Statistics of the Department of Agriculture, he would have found 
that the average yield of the State of New York for the past forty 
years (1866-1^) is 15.7 bushels, tbe averages yield for each decadb 
since 1866 being 14.1, 15.6, 15.4, and 17.9, indicating an apparent 
increase instead of a decrease with the average acreage for each 
decade of 592,584, 743,209, 547,191, and 452,204. 

In like manner he called attention to the fact that the average 
yield for the past ten years in Kansas was 14.16 bushels. For the 
first half of the period the yield was 15.14 bushels and for the last 
half 13.18, but the department records show that the average yield 
for Kansas for the past forty years is 13.9 bushels, so that on the 
face of it his arg[ument again falls down, but in this case there is 
another factor which did not enter markedly in the case of New York, 
namely, ^at the acreage upon which the estimates of the yield per 
acre is made has materially changed. The average yield of the 
four decades is 15.0, 13.6, 12.Y, and 14.2, and the acreage for the cor- 
responding decades 372,788, 1,617,317, 2,523,637, and 4,818,335. The 
development of agriculture in Kansas, as expressed in the increase 
of nearly 1,200 per cent in wheat acreage, has been in the direction 
of the semiarid portion of the State and on lands which were for^ 
merly not considered suitable for cultivated crops, so the indications 
are certainly strong that the fertility of the Kansas soils, as expressed 
by the average yield of wheat, has not declined in the past forty years. 

In the case of Minnesota he states that the average yield for Hie 
past ten years was 12.96 budiels. For the first half of this period 
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the yield was 13.12 and for the last half 12.8. But the average yield 
of wheat in Minnesota for the past forty years was only 13.6 bushels. 
The yield for each decade was 14.4, 13.4, 13.7, and 13.0, with an acre- 
age of 1,309,367, 2,705,898, 3,130,794, and 5^81,253, giving another 
case where the area upon which the average yield is estimated has 
been considerably increased. 

YIELD FEB ACBE OF WHEAT IN THE UNITED STATES. 

A careful study of the official records of the Bureau of Statistics 
of the Department of Agriculture fails entirely to bear out the general 
impression that the yields are declining in the United States as a 
whole or in any considerable portion of the area, but on the contrary 
indicates strongly that the yields as a whole are increasing, although 
to a slight extent. It is, of course, extremely difficult to draw conclu- 
sions from estimates, even with records extending over a period of 
f ortv years^ in a country which has been rapidly developing and when 
the basis ox the estimates^ namely the area, is rapidly increasing and 
where the seasonal variations are large. 

The average yield of wheat in the united States for the past forty 
years is 12.7 bushels. The four decades show 12.0, 12.5, 12.7, and 
13.8, indicating an apparent regular increase in productivity, but at 
the same time the acreage has increased 21,661,078, 35,060,189, 32,623,- 
809, and 45,540,593, so that it is not safe to draw this inrerence from 
the figures above. There are 33 States which have a higher average 

iaeld per acre than the United States as a whole and 15 having a 
ower yield. If proportionately more of the increase in acreage has 
occurred in the 33 States having above the average yield for the 
country as a whole, the increase in yield per acre for the United 
States would be accounted for. This line has not been followed out 
as it is obvious that we must look further into the facts before any 
safe conclusions can be drawn as to any change in the fertility of 
our soils. 

AVEBAGE YIELD FEB ACBE OF WHEAT IN THE SEVEBAL STATES. 

In the following table the States for which the Bureau of Statistics 
has full forty-year records (except California, which has records ex- 
tending over only thirty-nine years) are arranged in the order of the 
average yidd per acre of wheat over this pericd. 

Average yield of wheat, in husheU per acre, for forty years, 1866-1907, 



state. 


Yield. 


State. 


Yield. 


State. 


Yield. 


Vermont 


18.6 
16.6 
16.7 
14.6 
14.6 
14.2 
14.1 
13.9 
13.7 
13.6 


Maryland 


13.3 
13.2 
13.1 
13.1 
13.1 
12.9 
12.7 
12.4 
12.2 
11.6 


West Virginia 


10.6 


Maine 


Illinois 


Kentucky 


10.5 


New York 


Nebraska 


Virginia 


9.1 


New Jeraev . ........ 


Indiana 


Arkansas 


8.0 


Michigan 


Delaware 


Tennessee 


8.2 


Pennirvlvanlft ^ r 


California 


Mississippi 


8.1 


Ohio..'. 


United States 




7.6 


Kansas ..,..,- t r - 


Iowa 


Georeia 


7.1 


Wisconsin 


Missouri 


North Carolina 


6.0 


MInnnmtft. , . .. 


HTexas 




6.6 











The most obvious fact brought out by this table is that the arrange- 
ment shows roughly three geographical groups of States, the South- 
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cm States having very small yields, the New England States with 
New York showing the largest yields (from two to three times as 
large as the Southern States), and the great wheat States of the 
Middle West coming in between. 

This great difference between the States will be considered later; 
what concerns us now is the variation in the yield per acre for any 
particular State or group of States. The avera^ yield for each of 
the four decades is given in the table prepared by the Bureau of 
Statistics for each of Sie States. These yields show a general tendency 
to increase, but there are fluctuations which make it difficult to draw 
satisfactory conclusions as the seasonal variations have not been en- 
tirely eliniinated even oyer so long a period, and we know that great 
changes have occurred in the acreage of certain of the States; it is 
important to see the effect, if any, upon the average yield. 

in considering the question of change in the fertility of the land 
as measured by the yield per acre of crops, it is necessary to have 
records covering a sufficiently long period to reduce the seasonal vari- 
ations to a very small amount, and it is imf ortunate that we have not 
available continuous records in this country for more than forty 
years, either for a State or for any individual farm or constant area 
of any soil type. 

NEW ENGLAND STATES AND NEW YOBB:, 

The nearest approadi to this constant acreage and uniformity of 
yield in several fetates, where at the same time records of the Bureau 
of Statistics are available for forty consecutive years, is in what 
may be taken as two groups of States, namely, Maine, Vermont, and 
New York ; and New Jersey, Pennsylvania, Efclaware, and Maryland. 
In all of these States agriculture is old and in the past forty years 
ihesre has been relatively very little new land to take up. 

In Maine and Vermont the acreage in wheat, at all times small, 
has been reduced considerably in later years, and the yield per acre 
has materiallv increased dunng the successive decades. It may be 
argued tiiat tnis increase in yiela per acre is due to the abandonment 
of the lands less well adapted to wheat, but in New York, with a very 
much larger acreage but with a much smaller difference in acreage, the 
yield has increased nearly as much. If we take the figures repre- 
senting the yield per acre for each of the States for the four decades 
as an indication only of fertility and regardless of acreage and add 
them together, we get a factor of relative productivity tor the dif- 
ferent decades in which the seasonal fluctuations will be more nearly 
eliminated tiian if we had used the weighted averages, and while the 
results show the same order of increase we get a smoother curve. 

Reducing these sums to figures approximately equal to the average 
yields per acre of the several States, by dividmg by the number of 
States, tiie relative yields of the several decades are represented by 
the figures 14.6, 15.6, 17.4, and 20.5, indicating a decided and pro- 
gressive increase in the productivity of the lands. 

These States, however, show a remarkable falling off in the total 
land values and contain many so-called " abandoned " farms, but so 
far as the production of wheat is concerned this is not due to a 
decline in fertility or the wearing out of the soil, and the explanation 
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must be sought in changed economic conditians connected with thR 
relative cost of production and other conditions which are outside of 
the scope of this article. 

NSW JKBfiBT, FENNSYLVANIA, DSLAWASE, AND MAtTLAND. 

The effect of the intelligent reduction of acreage mentioned as a 
possible factor in increasii^ the yield per acre of wheat in the New 
England States and New York can not hold with equal weight with 
the second group of States above mentioned, as the acreage hwB varied 
but little in the States of New Jersey, Pennsylvania, X^laware, and 
Maryland. Nevertheless by combining the yields per acre as fer- 
tility fact(»rs for these States, as was done in the last group, the rela- 
tive order of productivity for the different decades is represented by 
die figures 12.7, 12.9, 13.4, and 16.0, again showing a regular increase 
for a group of some of the older Stat^, where the land has prac- 
tically all been settled for much longer than the forty years. 

VIRGINIA, NORTH CAROLINA, SOUTH CAROLINA, CTX>RGIA, AND ALARAMA. 

In these States the average yields per acre have been closely com- 
parable and the acreage not very dinerent either among the States 
or during the period of forty years. In each case there is an indica- 
tion of a slight increase of productivitj. although both the first and 
last decades show larger yields than eitner of the intermediate ones. 
The relative order of the group of States for the four decades is 
represented by the figures 7.1, €.8, 6.9, and 8.7. 

OHIO, INDIANA, AND ILLINOIS. 

Ohio, Indiana, and Illinois form another group of States having 
nearly the same acreage and the same yields per acre in which the 
yield" per acre for the past forty years has apparently at least held 
its own or even increased, the relative productivity of the three States 
for the four decades being represented by the figures 11.9, 14.2, 13.5, 
and 18.9. 

WISCONSIN, MICHIGAN, IOWA, AND ILLINOIS. 

We come now to two groups of States showing some marked differ- 
ences in acreage in the last forty years. The sum of the average 
acreage in wheat for the four decades in the first of these groups 
(Wisconsin, Michigan, Iowa, and Illinois) is 7,336,041, 8,525,988, 
6,697,582, and 4,572,012. The relative yield per acre of the group of 
States: for the corresponding decades may be expressed by the figures 
12.4, 13.3, 13.8, and 14.3. 

It may be argued, as in the case of the New England States, that 
in restricting the acreage the lands less well adapted to wheat have 
been first almndoned and the average yield increaised in this way. 

lONNSSOTA, NEBRASKA, KANSAS, AND MISSOURI. 

We have another group of closely adjacent States, namely, Minne- 
sota, Nebraska, Kansas, and Missouri, where the sum of the mean 
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acreage for tha aavml decades has been 2,693,576, 7,799,182, 8,654,831, 
and 14,364,930, while the relative yield per acre of the group may 
be expressed by the figures 13.8, 12.6, 12.6, and 14, ajgain an apparei^ 
increase. The figures for Minnesota and Kansas, it is true, appear 
to show a slight decrease, but tiie seasonal variations in both mese 
States are large, so large they are not eliminated in the ten-year 
periods. For example, in Nebraska in the first and third decades the 
difference between the highest and lowest yield is actually ^eater than 
the average yield for forty years. The larger the groups of States that 
can be compared, theref^nre, the better. The relative vield p^ acre 
far tfa« eight States in this and the preceding group for the several 
decades may be expressed by the figures 13.1, 12.9, 13.2, and 14.1. 
From the data available it is reasonable to assume that the yield per 
acre in each of these states has increased to some extent, althou^ 
in four of the States the acreage has increased and in the other four 
it has decreased. 

KBNTUOKY ANI> TBNNB86EB. 

Kentucky and Tennessee, each with an acreage fairly constant 
show an increase in yield per acre, while West Virginia has remained 
about constant. 

OHIO, WEST VIRQINIA, AND INDIANA. 

Ohio, West Virginia, and Indiana, with an increasing acreage for 
the first three decades, represented by the figures 3,503,127, 5,283,871, 
5,530,392, and 4,588,086, snow a slight increase in fertility, represented 
by the figures 11.6, 13.3, 12.4, and 13.1. 

TEXAS AND ARKANSAS. 

Of the other large wheat-producing States, Texas, with an increase 
of acreage from 119,340 acres in the first decade to 993,206 in the last, 
has remained practically constant in yield per acre, while Arkansas, 
with a practically constant acreage, has increased during the past 
thirty years. 

OAUFORNIA AND OREGON. 

California, with a fairly constant acreage, is the only one of the 
States showing an apparent decline in yield per acre, the figures for 
the several decades bemg 14.6, 12.9, 12.7, and 11.6. But, it Siould be 
observed that during the last decade there occurred two of the lowest 
yields on record, while in the last year of the last decade the yield per 
acre was 17.1 bushels, exceeded only by the crop of 1868 of 20 budiels 
and that of 1870 of 19 bushels. The two midale decades in many of 
the States show lower yields than the first and last, which indeed is 
shown in the adjoining State of Oregon, where the yield by decades 
is 18.6, 17.1, 17.1. and 18.7, and the fact that in the last year of the 
last d€M»de a yield was obtained exceeded only by two others, makes 
it seem quite probable that with more data covering a longer period 
of time California would show no exception to the rule of a slight 
bat gradual increase in productivity as measured by the yield per 
acre of wheaL 
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The following table gives the data for the States having records 
covering less than fortv-year periods and more than twenty years, 
and witn not less than nve years in each decade: 

Average yield of wheat, in l)ushel8 per acre, in Btates having twenty to forty 

year records. 



state or Territory. 


First 
decade. 


Second 
decade. 


Third 
decade. 


Fourth 


Utah 




• 17.6 
6 17.8 

• 17.4 

• i&g 

M9.2 

• 14.1 

• 17.6 

• 13.2 

• 13.8 

• 16.6 


1&8 
19.2 

C21.0 
10.2 
19.0 

«14.0 
2a8 
15.6 
16.2 
17.7 


23.6 


Nevada : 


ft 21.1 


26.0 


Wj^oming, ^ ..... . 


23.0 


Idaho. .-T 




28.8 


Colorado 




24.6 


North Dakota 




12.3 


Montana 




2&7 


New Mexico 




2ao 


Arizona 




21.8 


Wftsh^ngt^n 




28.3 









• 5 yean. 



» 7 years. 



• 6 years. 



The data here are so incomplete in comparison with what has been 
given, and the question of irrigation in many of these States intro- 
duces so uncertain a factor, that the results will not be discussed; 
while for some of the other States, notably New Hampshire, Massa- 
chusetts, Connecticut, Rhode Island, South Dakota, Louisiana, and 
Florida, the data are so incomplete that no conclusions can be drawn. 

If any conclusion is to be drawn from the statistics it can only 
be that the fertility of our soil, as measured by the average yield of 
wheat per acre, is increasing. 

YIELD FEB ACBE OF COBN IN THE UNITED STATES. 

The average yield per acre of com in the United States for the 
past forty years is 25.1 bushels, the figures for the four decades being 
26.1, 24.8, 24.2, and 25.4. It is apparent that the period of forty 
years with its four decades is too short a time to eliminate or balance 
the great seasonal variations, and in the country as a whole as well as 
in the records from most of the States we get a yield above the average 
in the first and last decades and below the average in the two middle 
periods. It would appear, then, on the face of it that there has been 
no decline in fertility as measured by the yield per acre of com, but 
it must be remembered that the acreage upon which the estimate of 
the yield is made has considerably increased, the figures for the several 
decades being 386,884,000, 634,089,000, 742,909,000, and 879,712,000. 

As the estimated average yield per acre is based upon the actual 
acreage in com, it is obvious that if the greater portion of this in- 
creased acreage occurred in the States having greater average vields 
than the country at large, the average yield of the United States 
would be increased, possibly to the extent of masking any change in 
the fertility, while, on the other hand, if the greatest increase in 
acreage occurred in the States having a lower average yield, the aver- 
age yield per acre of the United States would be reduced, so that in 
themselves the figures above given show nothing as to any change in 
fertility of the soil of the United States. To arrive at any definite 
conclusion it will be necessary, as in the case of wheat, to consider 
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the yield of individual States and of groups of States. It may be 
stated at the outset, however, that for two reasons the figures for com 
do not lend themselves so well to a complete solution of this great 
question as do those for wheat. The average yields per acre of nearly 
all the States are considerably higher in the first and last decades than 
in the intervening twenty years, indicating probably profound and 
long continued seasonal variations. 

The acreage in all but New York, Pennsylvania, and California 
of the large corn-producing States has increased considerably, and in 
only two of the smaller States, namely, Rhode Island and Maine, has 
there been a regular and obvious reduction in acreage, so that the 
influence of intelligent selection of lands to be taken up or abandoned 
for com culture can not be considered. However, in the case of wheat 
it was shown that this had no apparent effect upon the average yields 
so far as could be determined from the statistics. 

YTETiT) FEB ACBE OF COBN IN THE SEVEBAL STATES. 

The following table gives the States for which forty consecutive 
years' records are furnished by the Bureau of Statistics, excepting 
California, which has thirty-nine years' record, arranged according 
to their average yields per acre : 

Average yield of com, in husheU per acre, for forty years, 1866-1907. 



State. 


Yield. 


State. 


Yield. 


State. 


Yield. 


New Hampshire 


3&1 
35.1 
34.6 
33.2 
33.2 
32.9 
32.9 
32.2 
32.2 


Michigan 


3a8 
3a2 

3ai 

30.1 
29.2 
28.7 
28.3 
26.6 
26.1 
25.3 
2&1 
2&1 


Delaware 


22.6 




IIMnoi^ 


Tf^nmMn<w , 


22.0 


Mafmrlniflpf t.*; 


Rhode T.^lwid ... 


Arkansas 


20 




CaUtomla 


Texas 


19.1 


Newieraey 


Hinnmota . . , . 


Virginia 


19 


Maf?>^ . - - 


Nebraska 


Louisiana 


16.7 


Oh*fl 


Mlasoorl 


Mississippi. 


15.0 


Conrnvl Iciit 


1 Maryland 


North Carolina 


13 3 


Swa^^ ....:::::::::: 


' Kentucky 


Alabama. . . 


13 1 


Indhina 


31.5 
31.3 

3as, 


West Virginia 


Oeorgia . 


11 


Wbcotisin 


Kansas 


Horida '...'.'..','."."' 


9 8 


Mmr York 


United States 


South Carolina 


9.7 









There are twenty-three States having the same or a higher average 
yield than the United States and twelve States having a lower yield. 

It is obvious that the yield per acre remaining the same, any in- 
crease in acreage will have no effect on the average yield for the 
United States, while an increased acreage in Georgia would 
counterbalance an increase of nearly three times the acreage 
in Nebraska, on account of the disparity in the yield and the de- 
parture from the average. It has not been deemed wise, however, 
to attempt to arrive at conclusions as to a change of fertility by such 
a method of comparison. 

NEW ENGLAND STATES. 

The acreage in Maine and Khode Island has materially decreased, 
while indications are that the yield per acre has slightly increased. 
The acreage of the four other States has remained fairly constant, 
while the figures indicate a slight decrease in the yield per acre in 
New Hampshire and Vermont and a slight increase in Massachu- 
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setts ftnd! Comiecticat. The differenoes, however, are so alight, as 
compared with the fluctuations between the decades, that no sajEe 
conclusions can be drawn as to any duinge of fertility. Comparing 
the CTOups of States, as was done in the case of wheat, the acreage 
for the four decades was 2.469,000, 2,627,000, 246»,000, and 1,951,000, 
while the relative yields tor the four decades mav be expressed by 
the figures'^ 32.6, 32.5, 34.4, and 34.2, indicating it uiything a slight 
incr«»e in fertility of the soils as measured by the yidd per acre 
of com. 

NEW YORK, PENNSYLVANIA, AND NEW JERSEY. 

The acreflj^ in New York, Pennsylvania, and New Jersey, has 
varied but little in the forty years, and the average yields indicate 
neither an increase nor decrease. 

MARYLAND, DELAWARE, AND VIRGINIA. 

The relative yield in the four decades of Maryland, Delaware, and 
Virginia may oe expressed by the figures 21.8, 21.0, 20.9, and 27.0; 
the total acreage being 16,145,000, 24,973,000, 28,038,000, and 26,- 
243,000. 

NORTH CAROLINA, SOUTH CAROLINA, GEORQIA, FLORIDA, AND AT^ARAMA. 

The relative yield for North Carolina, South Carolina, Oeorgia, 
Florida, and Alabama for the four decades may be exprc^ed by the 
figures 12.3, 10.8, 1L4, and 11.3; the total acreage bemg 66,993,000, 
86,117,000, 102,619,000, and 113,809,000. 

OHIO, INDIANA, HiLINOIB, MICHIGAN, WISCONSIN, AND MINNESOTA. 

The relative yield for Ohio, Indiana, Illinois, Michigan, Wiscon- 
sin, and Minnesota may be expressed by the figures 31.7, 30.2, 29.0, 
wd 33.1; the acreage being 126,441,000, 177,378,000, 162,838,000, 
and 193,646,000. 

So far the data do not permit one to say that there has been an in- 
crease in fertility as measured by the yield per acre of com, save 
possibly in the Ifew England States, and certainly there is no justi- 
fication for saying there has been a decrease. We now come to a 
group of Stat^, however, which show a decided decrease, although 
a full analysis of the original data does not justify such a conclusion. 

NEBRASKA AND KANSAS. 

The average yield of Nebraska and Kansas may be expressed by the 
figures 33.8, 32.6, 25.7, and 24.8. These two States show by far the 
greatest increase in com acreage of any of the 35 States imder con- 

* These flgurea are straight ayerases of the yields per acre as fertility factors 
In which each State has equal weight Thi9 metiiod la only allowed when the 
acreage and yieida per acre of aU the States are of the same order or do not vary 
much. The weighted averages la this case, whai the suma of the acres and of 
the bushels of all the States are used, are 33.1 « 32.6, 34.9, 34.6, showing the same 
order of increase. The former metiiod lends Itself rather better for ^e yurposea 
of this investlgatlcm. 
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sideration. The basis for the estimate of the average yield per acre 
in the last decade, namely, the acreage, was 700 per cent larger in 
Kansas and 2,500 per cent larger in Nebraska than m the first decade, 
yet we have in Nebraska the average yield of 32 bushels on 3,011,000 
acres in the first decade to compare with the average yield of 27.8 
bushels on 77,213,000 in the last decade, and nearly as great a dis- 

Krity in the case of Kansas. The combined acreage for the four 
c»des is 12,625,000, 63,621,000, 110,130,000, and 154,177,000. 
However, taking the data as they stand, we find, in going back to 
the original data, three years of crop failure in Kansas in the third 
decade, the average yields being for 1887, 14.6 bushels; 1890, 15.6; 
and 1894, 11.2, the highest yield being in 1889, 35.3 bushels. In the 
last decade there were three years of very low yields, 1897, 18.0 
bushels; 1898, 16.0; and 1901, 7.8. The last five years of the last 
decade show four years well above the average for the forty years, 
so that here again there is no apparent justification for assuming a 
decrease in the average fertility of the soil as measured by the vield 
of com. Similarly, m the third decade, Nebraska shows a yield of 
only 6.0 bushels in 1890, while in the last decade are two very low 
yields and four out of the last five years show a considerably larger 
yield than the average for the forty years. 

IOWA AND MISSOURI. 

Adjoining Kansas and Nebraska on the east are the States of Iowa 
and Missouri, where there has likewise been a considerable increase 
in acreage, although not nearly so large as in the first-named States. 
The total acreage of the two States for the four decades is 68,188,000, 
117,138,000, 141,778,000, and 148,721,000. The average yields may 
be expressed by the figures 31.5, 29.4, 30.3, and 30.2. 

MISSISSIPPI, LOUISIANA, TEXAS, AND ARKANSAS. 

The average yield of Mississippi, Louisiana, Texas, and Arkansas 
may be expressed by the figures 20.9, 17.2, 1G.9, and 17.5; the total 
acreage being 40,408,000, 71,225,000, 91,561,000, and 110,791,000. 
Texas and Arkansas both show a large increase in acreage and a 
moderate decline in yield, but an analysis of tiie figures shows rea- 
sons for this in great seasonal variations, as in the case of Kansas and 
Nebraska, and it is not safe to conclude from the data that the 
fertility of the lands as measured by the yield per acre of corn of any 
one of these four States has declined. Considering the large increase 
in acreage and the wide variations in yield per acre due to climatic 
conditions, it would take a considerably longer period of observations 
to determine definitely the question of any change in fertility of the 
soils. In other words, it may reasonably be assumed that for the 
past forty years the fertility of the soils of this group of States has 
remained fairly constant 

CALIFORNIA. 

The average yield for California may be expressed by the figures 
87.4, 28.2, 29.9, and 1:9.9; the acreage being 326,000, 1,101,000, 1,127,- 
000, and 562,000; 

72539^8. Doc 676, 60-2, vol. 3—2 , ^.^^^ ,^ GoOglc 
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In the last half of the last decade, during four years the average 
yields were well above the average for the thirty-nine years and are 
comparable with the yields of the first decade, with the exception of 
the very large yields of 1868, 45 bushels; 1869, 41.4 bushels; and 
1873, 41 bushels; so that it would not be safe to conclude that there has 
been any decline in the fertility in the soils of the State in the past 
thirtv-nine years as measured by the yield per acre of com as indi- 
cated by the average yields of the four decades, any more than it 
would be safe to assume an increase during the past thirty years as 
also indicated by the decade figures. 

Summing up the data furnished by the Bureau of Statistics on the 
yield of corn per acre, it is unsafe to draw any conclusion other than 
that the fertility of the soil of the United States as measured by the 
yield per acre of corn has remained practically constant, with, if any- 
thing, a slight tendency to increase. The data are, however, much 
more difficult to draw conclusions from than in the case of wheat, 
partly because of the wide seasonal fluctuations and partly on account 
of the large increase in acreage in most of the larger com States. 
The following table gives the percentage of increase in the acreage of 
the 24 States showing an increase, whicn displays at once the difficulty 
of drawing conclusions from figures where the basis of the figures 
which are to be compared has such wide variation : 

Percentage of increase in com acreage from J 866 to 1907 in the several 8tat€$ 
where material increase has occuired. 



state. 


Per- 
centage 

of in- 
crease. 

2,500 
700 
366 
469 
190 
179 
163 
162 
133 


State. 


Per- 

centagc 
ofin- 
croose. 


State. 

1 


oentage 
of in- 
crease. 


Nebraska 


Missouri 


130 
127 
124 
121 

87 
86 
75 
72 

6C 


Indiana 


54 


KBnsns 


United States 


Mississippi 


60 


Texas 


Michigan 


Tennessee 


49 


Minni*sol i 


lyouisuina 


A labama 


46 


Arkausu5 


Virginia 


Illinois 


36 


Iowa 


South Carolina. 


; Maryland 


26 


Florida 


North ('arolina 


Ohio 


21 


Wisconsin 


1 Georgia 






West Virginia 


j Kentuclcj 











With the full analysis of the data for the two important crops of 
wheat and corn, it seems unnecessary for the purpose of this report 
to discuss the data relating to oats, barley, rye, hay, buckwheat, pota- 
toes, and cotton, especially as a casual observation of the data fur- 
nished by the Bureau of Statistics on these crops shows the same 
general facts and would add nothing new to this discussion. The 
only inference, therefore, which can be drawn from the statistics is 
that the productivity of tne soils of the United States has not declined 
in the past forty years, but that on the contrary it has increased. 

THE FERTILITY OF THE SOILS OF EUROPE AS MEASURED BY THE 

YIELD OF CROPS. 

In considering so serious and fundamentally important a question 
as the possible loss of soil fertility and the wearing out of our soils, 
and in order to show conclusively from the data submitted by the 



Digitized by 



Google 



WHiTifBT.] CROP YIELD. 19 

Bureau of Statistics on our crop yields that the common impression 
on tiiis subject is erroneous, it is well to review the facts presented 
by the experience of other countries. 

In the European countries are older agricultural soils than in the 
United States, in that they have been settled and have been developing 
their present agriculture for a thousand years or more, while many 
parts of our great West have seen all of their agricultural develop- 
ment in the past forty or fifty years, since the great transcontinental 
railway systems were established. 

If the views which have been tauffht for the past seventy years be 
correct, that continued cropping gradually exhausts the soil and tends 
to make it unproductive through Toss of mineral plant food, we should 
expect to find a marked and fundamental difference between the soils 
of the United States and the older soils of Europe, as shown either in 
the yield of crops or in the chemical composition of the soils. We 
wiir first review such data as are available regarding the yield of 
crops and then consider the chemical data. 

The following is given as the vield per acre of wheat in bushels in 
several European countries and in the United States for the ten 
v^rs (1897-1906) in the Yearbook of the Department of Agriculture 
lor 1907, page 620: 

Average yield of wheat y in buahela per acre, of variou8 countries. 

United Kingdom '_ 32. 2 

Germany _ 28.0 

France 19.8 

Aostria 17. 8 

Hungary 17. 6 

United States 13. 8 

Russia (European) 9, 3 

It is apparent that the older soils of Europe are producing more 
than the newer soils of the United States. Have they alwavs done so, 
or are the yields increasing there as they are with us, and has the in- 
crease gone farther with the longer time and the greater population 
and the necessities incident to the larger number of people to support ? 

Kellermann has made a most exhaustive investigation and report 
upon the increase in crop production in Germany .« He gives the 
yields per acre of a large number of estates which have been handed 
down from father to son, some of the records going back to the middle 
of the sixteenth century. Three cases only will he given here, which 
show the general trend of the information he was able to gather. 



•Landw. Jalirb. 35, 289 (1906). 
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Yield of cereals in Schmatzfeldt Germany. 
[Reduced to bushels per acre.] 



Year. 


Wheat. 


Bye. 


Barley. 


Oats. 


1562-1557 


12.6 


13.2 
12.8 
17.2 
24.8 
20.0 
21.2 
30.0 
33.1 
39.3 
20.4 
28.9 
29.6 
34.0 


14.2 
8.3 
16.1 
33.7 
28.1 
35.6 
31.6 
89.8 
32.9 
43.8 
43.2 
47.6 
50.4 


14.8 


1660 


12.3 


1670 


14.6 
18.7 
18.1 
18,7 
25.6 
28.7 
35.3 
27.6 
37.9 
40.0 
45.1 


17.4 


1822 


26.2 


1826 


32.5 


1830 


46.2 


1840 


45.5 


1850 


60.1 


I860 


62.9 


1870 


46.6 


1886 


66.6 


1887-1896 


59.7 


1807-1904 


69.1 







The period from 1552 to 1557, apparently the average for those 
years, gives a yield of wheat of 12.6 bushels per acre; in 1670 there is 
a record of 14.6 bushels; in 1822 of 18.7 bushels; in 1825 of 18.1 
bushels; in 1840 of 25.6 bushels; in 1850 of 28.7 bushels; in 1860 of 
35.3 bushels; in 1897 of 45.1 bushels; an increase in those three hun- 
dred vears from 12.5 bushels in 1552 to 45.1 bushels in 1897, the 
record showing a regular increase with a few fluctuations which are 
probably due to seasonal conditions. 

Rye has increased during the same time from 13.2 bushels in 1552 
and 12.8 bushels in 1660 to 30 bushels in 1840 and 34 bushels in 1897. 

Barley has increased from 14.2 bushels in 1552 or 8 bushels in 1660 
to 16.1 bushels in 1670, and finally to 50.4 bushels in 1897. 

Oats have increased from 14.8 bushels in 1552-1557, the first record, 
to 69.1 bushels in 1897-1904, which is the last record. 

yields of cereal crops on a second Qerman estate, Rittergat Trebsen, near Leipzig. 

[Beduced to bushels per acre.] 



Year. 


Wheat. 


Rye. 


Bariej. 


Oats. 


1754^1765 


26.41 
13.25 
16.63 
13.96 
13.89 
15.28 
16.90 
21.04 
33.40 
25.61 
27.03 
29.85 
35.85 
36.14 


15.91 
12.33 
14.47 
13.67 
15.36 
15.68 
19.14 
21.63 
27.92 
28.76 
23.06 
28.36 
80.45 
82.52 


14.25 
21.71 
20.44 
16.77 
15.16 
25.41 
18.28 
30.19 
36.66 


23.08 


1786-1775 


23.48 


1776-1786 


23 45 


1786-1795 


19.16 


1796-1800 


17.90 


1814-1816 


25.72 


1820-1822 


26.30 


1825-iKU 


31.83 


1835-1844 


46.64 


1845-1840 


66.25 


1883-1802 


30.95 
30.96 
85.39 
43.23 


44.64 


1893-1894 


54.74 


1895-1899 


51.15 


1900-1904 


67.80 







From this estate apparently even more continuous records are 
given in five and ten year periods from 1756 to 1904. The average 
yield of wheat in the first period of which we have a record, 1756-1765, 
is 26 bushels; in the neict period, 1766-1775, it is 13 bushels; and from 
that time a gradual increase up to 1900-1904, when it was 36 bushels. 
Rye increased similarly by regular steps from 15.91 bushels to 32.52 
bushels. Barley from 14.25 bushels to 43.23 bushels. Oats from 23.08 
bushels to 57.80 bushels. 
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Yield of oereal8 on the soils of Tellow. 
[Reduced to bushols per acre.] 



Year. 


Wheat 


Bye. 


Barley. 


Oata. 


18Q0-1810 


21.15 
2003 
23.25 
18.82 
23.10 
2t).40 
26.27 
29.77 
27.45 
29.92 
28.12 
26.57 
3&70 


14.64 
11.70 
17.70 
15.04 
19.84 
23.13 
24.10 
3a 48 
26.48 
28.83 
34.33 
2&13 
39.53 


19.80 
20.92 
21.29 
16.37 
2083 
32.75 
37.71 
37.85 
36.17 
35.71 
29.38 
36.45 
41.06 


17.23 


fff M9SK>. ... ... . . . . 


18.44 


1920-18^ . - 


14.84 


1880-1840 


13.80 


1840-1850 


37.68 


18fO-lft5ff 


33.46 


lMff-ll|AD . . 


84.44 


188D-I866 


44.62 


iaeft-1870 


55.73 


1870-1875 


51.88 


1875-1880 


39.48 


1P0.1«9$ 


46.06 


IffiMklWf . , . . 


43.96 







On this estate from 1800 to 1894 in ten-year averages wheat in- 
CTeased from 21.16 to 36.70 bushels, rye from 14.64 to 29.62, barley 
fnmi 19.8 to 41.06, and oats from 17.22 to 43.96. 

Kellerman throughout cites many well-known authorities and 
refers to many sources of information, and concludes his article with 
this remarkable statement: 

If we now make a brief surrey of tbe results obtained In the foregoing, we 
mnst aflarm that the development of the yields of cultiyated soil since the 
beginning of the past century presents a yery pleasing picture, not only that 
agriculture, by absolute addition to the acreage of 30 to 35 per cent and 
decrease in fallow from 35 to 4) per cent, has tried to meet the growing 
needs of the nation for food, but aboye all that it has shown how to gain from 
the soil gradually 2i times as much per unit of surface as formerly. 

The same facts have been brought out by Steinbriick,® who cites 
many cases of individual farms from records going back for one 
hundred years or more. 

The French minister of agriculture* gives the average yield per 
acre of the principal cereal crops in France from 1816 to 1876, which, 
redact to bushels per acre ana ten -year averages, is as follows : 

Yield of cereals in France. 
[Reduced to bushels « per acre.] 



Year. 


Wheat 


Bye. 


Barley. 


Oats. 


1815-1834 


11.86 
13.44 
14.30 
15.14 
15.90 
16.81 
16.60 


laio 

12.34 
13.01 
13.09 
14.11 
14.65 
16.71 


14.45 
14.04 
15.93 

iai3 

19.90 
19.75 
19.00 


17.13 


1825-1S34 


17 78 


1835-1844 


20.10 


1845-1854 


22 3S 


\^t^]%i^ 


24.93 


1865-1874 


24 49 


1875-1876 


23.61 







• Der Boden and die landwlrtscbaftllchen Verhftltnlsse des Preusslschen Staates, yol. 7. 
p. 799 (1906), edited by August Meltzen. 

* Bull. Mln. Agr. Comm. France. R^coltes des Ctfrteles et des Pommes de Terre de 1815 
8 1876, pp. 456-469 (1878). 

« Bushels of capacity. Statistics for the ten years 1897-1906 indicate that the average 
weight of a bushel of wheat in France Is 60.0 pounds, of a bushel of rye 56.1 pounds, of 
a boshel of barley 49.6 pounds, and of a bushel of oats 86.5 pounds. The statistics for 
France on p. 39 are in the bushels of weight customarily employed in the United States 
. , , ^^ . The dlf- 

I on a basis 
,„ , -_ ,. -_ „ _ Comparisons be- 
tween thete tmblM slumld not be made without making allowance for this. 



PTvnce on p. dv are in uie oasDeis oi weigni cusiomaniy employee in tne uniii 
(wheat 60 pounds, rye and com 56 pounds, barley 48 pounds, oats 32 pounds). 
lerence Is greatest in oats, the average yield of which, as given in this table. Is o 
some 14 per cent lower than in tables on p. 89, covering later years. Compai 
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Wheat has increased from 11.86 to 16.60 bushels; rye, from 10.1 to 
15.7; barley, from 14.4 to 19; oats, from 17.12 to 23.61. The great 
increase in the yield of cereal crops for France is prior to 1860. 

CEBEAL FBODUCTION OF EXTBOFB. 

Quite recently the Bureau of Statistics of this department has pub- 
lished a report on the cereal production of Europe • for the past twenty 
years or so. (See Appendix A.) 

The following table as given in this bulletin summarizes the yield 
per acre as given in detail m the tables in the appendix to this report, 
in five-year periods. 

<^ Cereal production of Europe, by Frank B. Butter, editorial aaiistaiit, 
Bureau of StatUUes, BuU. 68 (1908). 
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Commenting on this data Rutter has the following to say : 

AVERAGE YIELD OF GRAIN. 

Wheat, — On comparing the area under wheat in northwestern Burope in 1906 
with the average crop during 1901-1905, it appears that the average yield per 
acre exceeds 25 bushels; in southwestern Europe the average yield is only 16 
bushels per acre, and in eastern Europe but 12 bushels. For Europe as a whole 
the average yield is slightly under 14 bushels per acre. 

It appears, therefore, that the average yield per acre is highest where wheat 
culture is least generally practiced and where the acreage under grain shows 
the smallest increase. In other words, the extension of the wheat area is most 
ma rived where the average yield per acre is lowest. 

This condition holds true as regards individual countries as well as the 
larger divisions of Euroi>e. The United Kingdom, Belgium, the Netherlands, 
and Denmark are at the same time the four countries in which the wheat acre- 
age during the last twenty years has shown the largest reduction and the four 
countries which show the largest yield i)er acre. In each of these countries 
the acreage under wheat has fallen at least one-fifth in amount, while in each 
of them over 30 bushels per acre has been harvested on an average during the 
last five years. 

At the other end of the series stands European Russia, in which the increase 
in acreage during the twenty years was no less than 60 per cent, while the 
average yield per acre was little more than 10 bushels. 

Between these two extremes the relation pointed out between yield and 
acreage has been by no means so constant, but the divergence is not sufficiently 
marked to affect the general correspondence. In Sweden, for instance, the 
acreage under wheat has shown a considerable increase, while the average yield 
per acre is high, nearly 25 bushels \)er acre. On the other hand, in Spain the 
low average yield, 13 bushels per acre, has been accompanied by a small in- 
crease In the acreage and the crop. 

That the extent of wheat culture should vary inversely as the average yield 
per acre, or, in other words, that where the results are best the smallest areas 
are devoted to wheat, seems at first sight paradoxical. It must be remem- 
bered that a high average yield, such as shown in the Teutonic countries of 
Europe, presupposes intelligence on the part of the farmers and valuable land 
justifying a large outlay of labor and capital. These conditions are much more 
favorable to the growth of crops requiring Intensive cultivation than to grain 
crops, which give the highest profit when grown on new land on a large scale. 
T»w average yields, if ol)tained at a low cost of production, produce a greater 
aggregate profit than can be obtained from grain crops on the smaller tracts 
in northwestern Europe, where the high price of land necessitates its use in in- 
tensive culture. (See Table 5. This table contains unweighted averages of the 
yearly average yields shown later in the detailed tables.) 

Rye.— The yield of rye is highest in Belgium, where during the five years 
1901-1905 an average of 34 bushels per acre was obtained. After Belgium 
come Ireland, Denmark, the Netherlands, Norway, and Germany, in all of 
which an average yield of from 25 to 27 bushels per acre was obtained. The 
lowest average yield per acre during the same years was obtained in Servia, 
10 bushels per acre, while in European Russia the average yield was slightly 
more than 10 bushels and in Spain 13 bushels per acre. 

Barley. — Of barley, as of rye, the highest average yield per acre during the 
last five years was obtained in Belgium, in which more than 50 bushels per 
acre was grown on an average, while the average yield of winter barley alone 
was 52 bushels per acre. In the Netherlands the average yield was only 
slightly lower, amounting to 51 bushels per acre for winter barley and 48 
bushels for barley of both kinds. Outside of these two countries barley is 
grown principally as a spring crop; and if that variety alone be considered, 
Ireland, with 42 bushels per acre, shows the highest average yield. In Ger- 
many, Denmark, and Great Britain the average yield per acre is 34 bushels. 
The lowest average yields per acre recorded are shown by the statistics of 
European Russia and Servia, according to which but 14 bushels per acre were 
raised during each of the five years under review. 

Oa^«.— Belgium records an average yield of oats during the five yeani 
1901-1905 of no less than 65 bushels per acre, while Ireland produced 57 
bushels and the Netherlands 54 bushels. The smallest average yield per acre 
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recorded Is that of Servia, where only 15 bushels were obtained, and ESuropean 
Russia, with 20 bushels. 

Com.— The variations in the average yield per acre of corn are far less 
marked than the variations in the grains already considered. The almost 
total absence of its culture from any country included in the northwestern 
division eliminates the very countries where intensive culture is practiced. 
The highest yield recorded in 1901-1905 was 22^ bushels per acre in Spain, 
while the lowest, between 13 and 14 bushels, was obtained in Roumanla, 
Servia, and European Russia. 

It is evident from an inspection of all available statistics here cited 
that the fertility of the older soils of Europe as measured by the yield 
of cereal crops is fully as great or greater than that of the soils of the 
United States, and also that the yields have very materially increased 
during the past century, seemingly much faster than in this country. 
So far as can be judged from the rather meager records of early days, 
the yield of cereal crops in the older settled countries of northern 
Europe at or before the bemining of the last century was not very 
different from the yields in Russia (still sparsely settled) and in the 
United States at the present time. 

CHEMICAL COMPOSITION OF THE SOILS OF EUBOPE AS COMFABED 
WITH THOSE OF THE UNITED STATES. 

It remains now to see if the longer occupation and larger yields of 
the European countries have materially anected the chemical compo- 
sition of the soils and sensibly reduced the amount of tiie mineral 
plant-food elements. Rocks vary greatly in their ultimate chemical 
c<Hnposition, according as one or more of the cmnmon minerals pre- 
dominates, which also gives the essential character to the rock. Soils 
vary in ultimate chemical composition as the rocks from which they 
are formed vary and, according to the mode of their formation, are 
generally more complicated than the rocks with respect to the min- 
erals they contain. It is as difficult, therefore, to compare soils from 
the chemical composition, unless the type is given, as it would be to 
C(Hnpare rocks from the data alone unless the character of the rock 
were known. As the science of soil classification and soil surveying 
is new and not on an international basis, it is impossible to compare 
soils from different countries in any classified or ^stematic wav. 
The best that can be done, therefore, is to present all the available 
analyses from a few countries and see if the range in composition is 
about the same in one as in the others. This method has been fol- 
lowed in the present report, and without attempting to make a selec- 
tion, and recognizing the unsatisfactory nature of averages with such 
variable data, all analyses of soil by acid digestion available in the 
literature in regard to Great Britain, France^ Germany, and the 
United States, in the past eighteen years are given in Appendix B 
accompanying this report, embracing 1,945 analyses from the United 
States, 278 from Great Britain, 1,666 from France, and 444 from 
Germany, or a total of 4,232 analyses. 

It must be remembered that the aggregate area of the three coun- 
tries selected include only a part of the continent of Europe. The 
total area of Europe is estimated at 3,550,000 square miles, according 
to Rohrbach, and 3,760,000 according to Wapier-Supan ; of conti- 
nental United States at 2,974,159 (land area) square miles. The area 
in square miles of the European countries selected for a comparison 
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of the chemical ccwnposition of the soil with those of the United States 
covers only about one-sixth of the continent The areas, as given 
in the Statesman's Yearbook, are as follows: 

Great Britain and Ireland: 

England 50, 848 

Wales 7, 467 

Scotland 30, 405 

Ireland 32, 360 

121,080 

Germany 208,780 

France 207,054 

The land area in square miles of some of our own States with which 
these figures might perhaps be compared are: 

Texas 262,398 

California 156,092 

Minnesota 80,858 

Missouri 68,727 

Illinois 56,002 

Alabama 51,279 

Florida 54,861 

New York 47, 054 

Pennsylvania 44,832 

The method of sampling the soil of a field is not refined, and the 
chemical methods of determining the small amounts of potash, phos- 
phoric acid, lime, and magnesia in such samples give such variable 
results, even with the same method on the same sample with the same 
or with different analysts, that it is unsafe to draw conclusions from 
slight differences in actual amounts shown even when the differences 
are proportionally large.** It is safer to consider the general range 
in values for the different localities. 

One can not but conclude from the inspection of these data that the 
chemical composition of the older and longer-used soils of Europe, as 
regards the principal mineral plant-food elements, is essentially the 
same as that of the soils of our own country, thus disposing of the 
fallacious doctrine that soils wear out through loss of plant food by 
continuous cropping, at least in finite time and to an extent which can 
be recognized by our methods of observation. 

The differences in the chemical composition of the mineral portion 
of soils as shown by the analyses can not be correlated in general with 
differences in crop yields ; in other words, the fault lies not with the 

•Note the results of the analyses of 73 samples from a field of approxi- 
mately 250 hectares (617 acres) In St. Viand, France, given In one of the 
tables in the api>endix to this report, where the potash varies from .07 to .51 
per cent; phosphoric acid from .03 to .10; and lime from .05 to .47 per cent. 
Of the 1,565 analyses reported from France there are only 60 cases, and most 
of these in one canton, where the potash falls below .07 per cent — ^the mini- 
mum found on this field — and 51 cases where it goes above .51 per cent So 
that it may be said that the variation in the composition of the soil in this 
single field, as regards potash, is almost as great as the variation in the soils of 
Prance. 

For a number of years It has been the practice for the referee on soils of the 
Association of Official Agricultural Chemists to submit carefully prepared 
samples of soils to various analysts for analysis according to prescribed instruc- 



Digitized by 



Google 



CHOP YIELD. 



27 



methods of analysis, but rather with the uncertainty regarding Uie 
interpretation of such results. There are, in fact, no general signifi- 
cant differences in soil composition as re^rds the mineral matter, but 
there are, as we shall see, great and si^ificant differences in the 
chemical composition of the organic constituents of soils. 

An examination of the records of the analyses from 692 localities 
in the Department of Aisne, France, shows that in 407 cases, or 68 per 
cent, phosphoric acid is the same or higher in the soil than in the 
subsoil, and in 278 cases, or 47 per cent, potash is the same or higher 
in the soil than in the subsoil. The same holds true in general of 
the soils of this country. 

The researches of several experiment stations throughout the world 
and the investigation of our engineers on the amount of material 

tlons as to methods of procedure. The following tables give a few of the re- 
sults of these oomparative tests : 

Sail sample No. 2. 
[Provisional method: Tbirty-six hours* digestion. 1 



Analyst. 


K,0. 


NstO. 


PtO.. 


CaO. 


MgO. 


A 


Per cent. 


PereenL 


PereenL 
0.429 
.480 
.486 
.580 
.660 
.630 
.600 
.16 
.48 
.47 


Percent. 


Percent, 


B 


0.397 
.470 
.276 
.340 
.450 
.330 
.40 
.44 
.48 


0.76 
.155 
.280 
.140 
.140 
.126 


0.686 
.621 
.360 
.410 
.430 
.430 
.00 


0.619 


C 


.407 


D« 


.360 


D» 


.800 


De 


.400 


Bi 


.876 


F 











H 

















• Digestion in Snyder flask. 

• In platinum flask and condenser. 

• In platinum bottle, stoppered. 

'Reported as dried at 110" C, figured to orli^nal soil by reporter. 

(Bnlletin No. 43, Bureau of Chemistry (1894), p. 33.) 

Phosphoric acid and potash calculated as per cent of the dried fine earth. 
lOffldal method : Ten hoars' digestion in HCl of 1.116 sp. gr.] 



Analyst 


KsO. Sample No 


- 


P»0». Sample No. 


- 


1. 


3. 


3. 


4. 


1. 


2. 


3. 


4. 


A 


0.360 


0.164 






0.447 
.420 
.430 
.324 
.610 
.461 
.412 
.460 
.426 


0.268 
.210 
.117 
.201 


0.409 
.463 
.440 
.421 


0.230 


B 






.244 


C 


.345 
.354 
.260 
.373 


.U2 
.236 


0.380 
.396 


0.04 
.226 


.096 


D ;. 


.267 


B 




P« 


.179 


.366 


.176 


.172 
.186 
.210 
.163 


.396 
.383 
.500 
.422 


.193 


P» 


.190 





.210 
.304 


.130 
.126 


.220 
.286 


.100 
.168 


.220 


H '..'.v.'..'.'. 


.176 







• Qravimetrle. » Volumetric. 

(Bulletin No. 47, Bureau of Chemistry (1896), p. 36.) 
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carried in solution and in suspension in our principal rivers and by 
the wind establishes the fact, as above stated, that loss through normal 
leaching removes far more mineral plant food than do cultivated 
crops. In cropping soils, therefore, and removing the crop from the 
land we remove an inconsiderable amount of mineral material com- 

f>ared with normal losses to which the soil is adjusted through natural 
aws which are now for the first time being understood. 

It seems safe to assume from the foregoing data that the soil 
(given a sufficiency of water to supply growing plants) is the one 
indestructible, immutable asset that the nation has. It is the one 
resource which can not be exhausted — that can not be used up. If 
the coal and iron give out, the soil can be depended upon to produce 
food, light, heat, and habitation not only for the present population, 
but for an enormously larger one. This will become more evident as 
we discuss the function of the soil as related to crop production. It may 
be abused and the yield will quickly decline, and it is the large num- 

PhoaphoruB soluble in fifth normal nitric acid. 
[Ports per million in dry soil.] 



Analyst 


No.l. 


No. 2. 


No. 3. 


No. 4. 


A« 


15.0 
22.0 
18.0 
18.0 
14.4 
14.0 
13.4 
12.9 
14.0 

lao 


8.0 
15.0 
10.0 
11.0 
7.4 
7.4 
5.8 
6.1 
7.7 
5.7 
5.6 
9.7 
15.2 
7.8 
7.8 


5.0 
10.0 
5.7 
6.0 
4.4 
4.8 
3.6 
2.8 
3.1 
3.6 


158.0 


A '. 


175.0 


A» 


158.0 


A 


158.0 


Ae 


165.6 


A 


162.0 


B 


155.5 


B 


154.5 


c 


163.4 


D 


145.6 


D 




E 


16.6 
31.7 
14.4 
14.6 


6.4 
25.5 
4.8 
4.8 


157.1 


F 


167.4 





165.4 


G 


166.0 







• Work done according to directionn sent oat. 

» Baking of residual omitted. 

« Baking omitted and phosphorus d(»termined by Kentucky method. 

(Bulletin No. 106, Bureau of Chemistry (1907), p. 144.) 

Potassium soluble in fifth normal nitric acid by official method. 
[Parts per million in dry soil.] 



Analyst 


No.l. 


No. 2. 


No. 3. 


No. 4. 


A 


99.2 
88.7 
113.0 
95.5 
89.3 
91.3 
96.1 


130.0 
135.9 
128.0 
127.9 
107.9 
136.0 
133.8 


141.7 
139.8 
188.0 
135.5 
120.8 
142.5 
139.8 


236.0 


A 4 


233.1 


B 


276.0 


c 


234.4 


D 


189.1 


E 


244.9 


E 


240.9 







(BuUetin No. 105, Bureau of Chemistry (1907), p. 144.) 
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ber of such individual failures that forms the basis for the impression 
that soils wear out by continuous cropping through loss of plant food. 
We do not notice so clearly the compensating successes wnich, as we 
have seen on the average for the past forty years, have rather more 
than counterbalanced the failures. To produce its best the soil must 
be thoroughly understood and properly handled. The proper han-^ 
dlinff may come from long experience on the same soil, as with the* 
English and German farmers, but even then they have benefited 
greatly; by the scientific work that has been done by individuals and 
experiment stations. In our own country we have not the general 
experience gained by long residence on the same land. We have not 
had the pressing necessity for intensive cultivation, and we have, 
tlierefore, more to learn and benefit from a knowledge of the nature 
of the soil, as we are but beginning to feel the necessity of more 
intelligent methods, of more intensive agriculture. If our nation 
can in the present century do what Kellermann asserts the Grerman 
nation did m the past century, increase the productive capacity of 
the soils 2^ times, it will be a notable achievement and one well worth 
the effort. There seems to be no reason why this can not be done. It 
must be a national effort participated in by all the people, as upon it 
depends the very foundation of the continued prosperity and integrity 
of the nation. 

THS FUNCTION OF THB SOIL AS A MBDIXJM FOB PLANT GBOWTH. 

The soil is essentially a mixture of a large variety of mineral frag- 
ments. Nearly all agricultural lands contain most of the common 
rock- forming minerafi and these minerals contain the mineral plant 
food elements. These minerals are slightly soluble in water, suffi- 
ciently soluble to maintain a solution of about 25 parts per million 
of potassium and about 8 parts per million of phosphoric acid. This 
strenjgth of solution is amply sufficient for plants to draw their 
nourishment from, provided the supply is maintained as the plant 
withdraws sufficient for its needs. This constant supply is assured 
by the rapidity with which minerals dissolve — a saturated, although 
a very dilute solution being obtained after a few minutes contact of 
the soil and water. The supply, or rather the concentration, is main- 
tained nearly constant by the additional wonderful power the soil 
has of absorbing mineral matter and the large variety of mineral 
species, so that tSe composition and concentration of the soil moisture 
does not vary greatly for light sands, loams, or heavy clays, nor for 
what we recognize as productive and unproductive soils. 

In 1903 the Bureau of Soils, by very delicate methods, made a large 
number of analyses of the water-soluble material in fields of growing 
crops in both good and poor condition to see if any evidence could 
be found of any temporary exhaustion due to the absorption of 
mineral matter by the crops more rapidly than the rate of solution, 
and to ascertain also if constant differences were shown between the 
productive soils and soils of low productivity. The results, published 
m Bulletin 22 of this bureau, are restated in Appendix C of this 
report. 

It will be remembered that while the methods of analyses are 
accurate to within 1 or 2 parts per million, and in the case of potash 
especially much more accurate than this, on different portions of the 
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same extract of the soil there is sufficient variation in the soil of a 
field to account for many of the differences shown, especially where 
the variations appear to be erratic and uneven. 

It seems evident from these results and other investigations of the 
•bureau that there is no significant difference in the composition of 
the soil moisture in good and poor soils, and not even a significant 
temporary exhaustion of the average soluble mineral content of the 
soil during the crop season with the crop actually growing in the 
field. Moreover, the soluble mineral content has generaUy been 
found to be as high as or higher in the soil than in the subsoil. Suin- 
ming up the results of modem investigations, it may be said that soil 
will not, in general, be worn out or exhausted so far as mineral plaiit 
food elements are concerned until most of the minerals of the soils 
have been dissolved and carried away, which is not conceivable in 
finite time under natural conditions. It is a fact recognized since the 
earliest historic times, referred to by many of the old Latin writers 
and familiar to us all in this country at the present time, that soils 
differ greatly in productivity and that the productivity of any partic- 
ular farm or field may decline verv markedly and very rapidly. It is 
no uncommon experience to see a farm, which has been well tilled and 
kept up to a high state of productivity for many years, rapidly decline 
when turned over to tenant farmers. Such changes attract the eye 
in the marked comparison with neighboring crops, dilapidated farm 
buildings, and general discontent of the less successful man. When 
the converse of this occurs and these lands are taken up and improved, 
these differences disappear and the change is less likely to be noted, or, 
if noted, soon forgotten. It is the same with sickness or disaster to 
the individual or to the community or to the nation, the years of even 
success fail to impress the mind as do the seasons of losses and 
troubles, so that it will come to many as a matter of surprise that 
on the whole our soils are more productive and that the available plant 
food supply shows no sign of wearing out. We have, however, a 
duty to the individual as well as to the nation, especially as in this 
case where a slight turn from failure to success of many individuals 
will elevate the nation in its commercial position in the world, so it 
behooves us to see why it is that many individuals fail to secure 
from the soil adequate returns, as measured by the returns secured by 
many other individuals on similar soils, and then to see why one part 
cf our nation secures larger returns of necessary crops than other 
portions, and to learn if these matters may be equalized. 

It is recognized throughout the civilized world that it is better to 
depend upon proper sanitary conditions to prevent and even to cure 
most diseases than upon drugs. It is recognized by animal breeders 
and animal users that sanitation is of the utmost importance; we 
recognize that fish in our aquarium, that yeast for commercial in- 
dustries, that bacteria propagated for useful as well as for scientific 
purposes can only be kept alive and in condition if the products of 
their own life processes be removed or neutralized from time to time. 
Our plants are living orgjanisms fixed in position in the soil during 
life, and like all other living organisms break down as well as build 
up organic bodies and give off or leave waste products in the soil. 
Such products appear to be generally harmful to the same species of 
plant following immediately after a first crop has been removed. 



Digitized by 



Google 



WH1T2WT.1 CHOP YIELD. 31 

Moreover, this waste matter is further changed by soil organisms, 
direct oxidation processes, or by plant roots themselves into other 
degradation products, and finally in our best soils into the ma- 
terial generally hafmless to plants which we recognize under the 
general term of humus. This is probably the complete and ideal form 
of soil sanitation, but it appears that this change does not proceed 
normally along such ideal lines in all soils or so as to leave them in 
their best condition for following crops, and as cultivation and crop- 
ping have much to do with these soil changes we are liable, through 
ill-adapted methods of management, to make matters worse instead 
of better as time goes on. Intermediate products of plant metabo- 
lism are left in the soil in forms, other than humus homes, which are 
toxic to plants. Some such organic bodies have been separated from 
soils by this bureau and found to be toxic to some plants and non- 
toxic or even stimulating to other plants. Organic bodies of known 
composition, separated from wheat-sick soils and originated in the 
soil during the growth of successive crops of wheat, are toxic to 
wheat plants but not so to cow peas. Similarly, organic bodies 
from cowpea-sick soils and formed in the soil durmg the growth of 
successive crops of cowpeas are toxic to cowpeas but not so to 
wheat. After cowpeas have been grown on the wheat-sick soils these 
bodies, associated with the unfavorable conditions for wheat, are 
found to have disappeared in whole or in part, and following the cow- 
peas wheat can again be produced, and so with other crops. Thus we 
have a logical and demonstrable reason for crop rotation. 

Furthermore, lime, nitrate of soda, and certain organic matters 
such as the green parts of fresh cowpeas, stable manure, and in gen- 
eral organic matters rich in protein material, in decomposing in the 
soil react on certain of these toxic bodies and change or destroy them, 
thus improving the soil for subsequent crops. Potash and phosphoric 
acid appear to act with similar effect, although the action is less well 
understood. We have here probably one of the principal reasons, 
and a dwnonstrable one, for the action of fertilizers and manures in 
improving the sanitary conditions of the soil. 

With this brief statement of the function of the soil as a medium 
of plant ^owth, we will turn now to the consideration of the differ- 
ences in yields of any particular crop on different soils and in various 
sections of the United States. In the humid portion of the eastern 
United States, with the same kind of soil material, differing only in 
texture and water content, the distribution of profitable crops is 
largely determined by the texture of the soil. On the light sandy 
members of the series we have conditions favorable to certain fruits 
and early truck crops. As the texture becomes heavier we find con- 
ditions more favorable successively to corn, wheat, and hay grasses. 
This distribution is typically shown, for example, on the limestone 
soils of the valley of Virgima. In the Middle West, with a smaller 
rainfall, we find our best com soils heavier than the best wheat lands. 
On the Pacific coast, and in general in the arid and semiarid portion 
of the country, with and without irrigation, this influence of texture 
largely disappears. - 

It appears that this influence of texture is not due to a mere differ- 
©ice in the supply of "moisture maintained for the crop, but is due 
to chemical processes of reduction of the excreta and the remains of 
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plants, which processes are affected both by the amount of moisture in 
the soil and the temperature. 

While it is permissible to judge of the increase or decrease of soil 
fertility from long-time records of the yield per acre of any crop on 
the same field or of the same State when the acreage has remained 
fairly constant, as has been done in the first part of this report, it is 
not fair to assume that the average yield of about 16 bushels of wheat 
in New York and about 7 bushels in North Carolina, South Carolina, 
Georgia, and Alabama, or of about 30 bushels of corn in New York, 
and 11 or 12 bushels in the latter States, shows that the fertility of the 
New York soils in general is higher than the fertility of the other 
States, for, measured in other crops, the reverse might be shown. The 
figures do show, however, that so far as grain production is concerned 
the soil conditions in New York are more favorable than those of the 
South. This does not appear to be so much the effect of climate on 
the plant as of the plant s effect on the soil, as may be shown in a 
variety of ways. The same difference in yield of the cereal crops is 
shown in the countries of the north and south of Europe as in our 
own northern and southern States. 

The larjgest yield of corn per acre on record (209 bushels) was on a 
trial acre in South Carolina, where the average yield is but 9.7 bushels, 
and very large yields are reported where a new method of culture is 
being tried of checking the vegetative growth with the toxic effect of 
weeds in their early stages of growth, followed by thorough cultiva- 
tion and judicious fertilization. 

The subsoil is generally toxic to crops in the humid southern States, 
but is as a rule equally as productive as the top soil under the arid 
climate of the West. There is every reason to believe that other 
varieties of our grain crops may be originated through selection 
which will be better adapted to southern sou conditions than those we 
now have, or that methods of culture may be devised which will per- 
mit of a much larger yield of grain in the Southern States than we 
now obtain. 

One of the most interesting cases which appears to show the in- 
fluence of the climate on the soil as a medium of plant growth is the 
case of the alfalfa crop. Adapted to almost all types of soil west of 
the Mississippi Eiver under moisture conditions suitable to other 
crops, it has almost universally failed in the soils of the humid East- 
em and Southern States, with two notable exceptions. One of these 
is the Dunkirk stony loam of New York, and the other the Houston 
clay extending from Alabama to Texas. The failure in the East is 
not due to lack of plant food. Inoculating the soil with the specific 
alfalfa bacteria does not insure success, nor can failure be attributed 
to the influence of climate on the crop, as there is no greater range of 
climate in the East than in northern New York and southern Alabama 
where the plant grows successfully on two different types of soil. 

The following interesting article appeared in a recent number of 
" The Southern Planter:" 

Alfalfa is undoubtedly a splendid forage plant where it will thrive without 
undue attention from man; it may be said to be the backbone of far western 
agriculture; but, like many other promising field crops, it should be studied 
with reference to soil and locality before extensive planting. A great many 
eastern farmers have failed Ignominiously with alfalfa, and on a large scale, 
when a little less enthusiasm and a little more careful testing would have been 
the part of wisdom* 
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"West of the one hnndredtb meridian," eaid Profeflsor Splllman, the agri- 
cnltuHst in charge of Farm Managem^it, of the Doiiartment of Apiculture, 
in answer to the inquiry as to the department's present knowledge of alfalfa, 
"cliaracter of soil is but little considered In growing alfalfa ; it will thrive any- 
where that there is water. East of that line the plant is very discriminating 
as to its food. Wide experiments have been made by the various experiment 
stations and the Department of Agriculture all over the ICast, and In only a 
few circumscribed localities does it * grow as a weed.' In some sections of the 
South, in a small limestone region of New York and southern Vermont, and 
in a few other scattered localities it grows readily, while it also does very 
well in parts of Wisconsin, Minnesota, and Illinois. But thousands of alfalfa 
fields in all the Eastern States have failed, and, while it is now known that 
alfalfa can l>e grown on these fields, the cost is, in the majority of soils, 
prohibitive. 

** • • • It should not be expec*^ed that in the East the plant will endure 
and thrive twenty or thirty years as it does in the West," continued Professor 
SpiUman. " If it would, the first cost of securing a good stand, however 
great, would be an inconsiderable quantity; but even where a good stand is 
secured the usual life of the field is, on lighter soils, one or two years, ranging 
up. to five years on heavy, rich soils, with as high as three cuts per year, except 
in the specially adapted localities above mentionel." 

It is an interesting fact developed by the Soil Survey that two soil 
types extending through different climatic re^ons best adapted 
respectively to com and wheat in one locality will show the reverse 
adaptation under different climatic conditions. In the progress of 
the Soil Survey, the bureau has mapped 122 types of loam soils in 
the United States. About 58 per cent of the total acreage of these 
soils should be given first rank in the production of some one or 
more of our staple crops, about 26 per cent medium rank, and about 
16 per cent low rank. They all have approximately the same tex- 
ture, although they differ in the character of the soil material, mode 
of formation or deposition, and may differ in structure. They cer- 
tainly differ in their relation to crops, or require different methods 
of management to produce crops. So far as investigations have 
gone, they all would seem to have an adequate supply of mineral 
plant food elements in the soil moisture, yet they appear to have 
dissimilar chemical powers, especially as regards the reduction of 
organic bodies, and the products of the same. Considerable progress 
has been made in selectmg new crops and special varieties of crops 
for some of these soils, and important special industries are already 
established on soils which a few years ago had low agricultural 
rank. There seems to be great possibility in this direction in the 
future. 

METHODS OF COKTBOL. 

Certain plants adapt themselves to certain soil conditions and 
grow for long periods in an undisturbed soil. This is true generally 
of forest growths and of most native vegetation. The buffalo grass 
is fast disappearing with the advent of the plow. The huckleberry 
bush has not been successfully cultivated until recently, when done 
through root fungi. Many plants do well in association with cer- 
tain other plants and will not grow at all in other associations. 
Practically all of our annual crops, however, require cultivation 
always before and many of them during most of their periods of 
growth. This cultivation loosens the soil and puts it in better 
physical condition for the crop to start in, tends to conserve the 
iQoisture, and to keep out weeds, which are generally undesirable by 

72539— S. Doc. e76, 60-2, vol 3 3 ^ . 
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reason of the toxic action of the organic matter thrown off by their 
roots. But cultivation does more than this. Plowing is essentially a 
naethod of fermentation, or, rather, a method to regulate fermenta- 
tion in the soil; as aromatic principles are developed in certain to- 
baccos by properly regulating the supplv of air by occasionally open- 
ing the bulk, so the soil is relieved of many objectionable organic 
bodies by proper cultivation and the judicious introduction of air. 
The color of an infertile soil or a raw unproductive subsoil recently 
turned up to the surface will gradually change and generally dark- 
ens with thorough cultivation, and the change in color will indicate 
to an experienced eye the progress toward more productive con- 
ditions. 

This is the oldest as it is still the most fundamental method of con- 
trol of soil fertility. It is a method, furthermore, which requires a 
high degree of judgment and of skill. Each class of soil requires its 
own peculiar method, and each change of climatic condition must be 
considered. 

It is often as injurious to plow too much as to plow too little. The 
time, manner, ana condition of the soil are all important factors in 
reflating cultivation for the maintenance or improvement of fer- 
tility. The American farmer has much to learn regarding the best 
method for the mere handling of his soil. Much of this must come 
from hard actual experience on the same type of soil for a period of 
years, but much help may be rendered him through the elucidation 
of the many at present obscure changes involved in the proper sanita- 
tion of the soil. 

The second method of controlling the fertilitjr of the soil, and one 
almost as old as cultivation, is the proper rotation of crops, the im- 
portance of which was recognized by the old Latin writers, and 
clearly recognized by the eany English writers.* 

As soon as we remove the native vegetation which has become ad- 
justed to the soil and introduce new crops forced under cultivation 
to produce the largest possible yield, the capacity of the soil to reduce 

<» According to A. B. Griffith, the earliest English work of Importance on agri- 
culture was " Ye Boke of Husbandrie," by Sir Anthony Flzherbert, published 
In 1534. Twenty-eight years after the publication of Fltzherbert's work, Martin 
Tusser published his famous "Five Hundred Points of Husbandrie" in which 
he strongly recommends the rotation of crops, thus: 

" Otes, rie or else barlie, and wheat that is gray, 
Brings land out of comfort, and soon to decay; 
One after another, no comfort betweene 
Is crop upon crop, as will quickly be seene. 
Still crop upon crop many farmers do take. 
And reape little profit for greedinesse sake." 

A Treatise on Manure, 3rd edition, page 8 (1903). 

With all the development of modem agriculture In the taking up of new lands 
and the enormous Increase In the aggregate crop production of the world, it 
seems apparent from the old writers that agriculture as an art has declined. 

According to Dickson, the Romans had a greater variety of crops and ex- 
ercised considerable more care In adapting them to the different soils than did 
the English at the time he wrote (1788) or more than we seem to give In this 
country. Considering Pliny as more particular In his directions as to the 
adaptation of crops to soil, Dickson gives Pliny's maxims in detail as follows: 

" * Such a difference of soil,' as Pliny says, * points out the necessity of describ- 
ing the kinds proper for the different crops. This is Cato's opinion, that com 
sboold be sowen on land that is stiff, rich, and in good heart; that raddlsh. 
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the organic excreta and maintain proper sanitary conditions is often 
taxed beyond its power to maintain tne yield, especially if the same 
crop is grown year after year. When the crop is changed, a certain 
crop appearing only once in three or four years, the soil has a longer 
time to dispose of the waste products. There are, however, two other 
principles underlying the practice of rotaticm which, if intelligently 
used, make it a highly efficient method of control of soil fertility. 
Some plants are quite indifferent to and are even stimulated or at 
least benefited by the excreta of other plants, and in thus benefiting 
they aid in destroying the toxic organic bodies and in purifying the 
soiL 

By growing successive crops of cowpeas or of wheat in small vol- 
umes of soil, the bureau has succeeded in making this soil sick for 
either crop respectively. Pure organic bodies have been isolated from 
both tiie soils which are toxic to the plants producing them, but bene- 
ficial to the plant which has not caused their accumulation. When 
wheat is produced on the oowpea soil, therefore, it usually grows 
better, and after the wheat, cowpeas will grow again better than 
l«fore. This, in brief, is the principle of rotation modified in details 
by the nature and previous cropping of the soil and by climatic con- 
ditions. The application of empirical rules brought down to us 
through long experience is very oeneficial in maintaining fertility, 
but much may be expected from the investigation now going on, whidi 
will make the practice more effective and more reliable. 

The third method of control, namely, the use of manures and com- 
mercial fertilizers, has likewise long been practiced, but within recent 
years the use of commercial fertilizers has grown to enormous pro- 
portions in some sections of the country, although used very little or 
not at all in other sections. The present practice of fertilization is 
based upon the fallacious doctrine that the soils become exhausted of 
plant food through continuous cropping and gradually become worn 
out If this were so it would have the population of the world even- 
tually dependent upon a few comparatively small deposits of nitrates, 

millett, and panic, should be sowen upon the same kind of land, if moist or wet ; 
that seed should be first sowen in cold and wet, soils, and afterwards in warm; 
that lupines should be sowen in the red soil, the soil called puUa or sandy soil, 
if they are not wet; far An moisture fields, where the soil is chalky and red; 
triticum [wheatl In dry land, not liable to weeds, nor in a shade; beans in 
strong soils ; flligo and triticum In open and exposed fields, that receive greatest 
benefit from the heat of the sun; lentils in uncultivated and red soU where 
there is not much grass ; barley on fallow, and land so rich as to carry a crdp 
every year. Spring sowing should be used In places that cannot conveniently 
be sowen in autumn, and in soils whose fatness can carry constant crops : This 
maxim too Is exact. These things should be sowen in shallow soil, that do not 
require much sap, as the cytifus and deer; legums are excepted, which are 
pulled up and not cut in reaping; hence they are called legums, because thus 
gathered. In fat soil should be sowen such things as require much food, as 
garden erbs, triticum j flligo, flax. So for the same reason, the shallow soil is 
allotted for barley, because it does not require much food, the richer and stiflTer 
for triticum. In low lying grounds, far, rather than tHticum, should be sowen. 
In grounds neither very high or low, both triticum and barley; hUly ground 
produces plumper triticum, but not so large a crop : Far and flligo may be ap- 
pointed to chalky and. wet soils.* " 

Tbeophrastus does not enter into particulars, as the Roman authors do, but 
be declares, in general, that to know how to adapt plants to soils is one of the 
principal things in agriculture. 

The Husbandry of the Ancients ; Adam DlclLSon, Bdenburg, 17S8 ; page 187. 
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phosphates, and potash, and the regulation and conservation of these 
deposits would be of far more importance than of the coal and iron 
supply. But we have seen from the statistics ffiven that the soils of 
the world are not wearing out, but, on the whole, are becoming more 
productive, and that even the more unproductive soils have ample 
supplies of mineral plant- food constituents in their soil moisture for 
better crops than they produce. 

While plants may, and undoubtedly do, avail themselves of the 
mineral plant food elements of the manures and fertilizers, it appears 
from modem investigations, and is entirely in harmony with ex- 
perience, that this is not the only benefit derived ftx)m their appli- 
cation. Toxic organic bodies which the soil finds diflScult to reduce 
are frequently much more quickly and effectively reduced in the pres- 
ence of an easily decomposible substance, like fresh cowpea vines or 
roperly fermented manure, while nitrates and other mineral salts 
lelp to oxidize or otherwise change to harmless forms the toxic 
material, thus assisting in the proper sanitation of the soil. Further- 
more, certain plants and fertinzers together are much more effective 
in destroying these toxic bodies than either alone, so that in the ro- 
tation for any particular soil Uiere is an order in which the plants 
should succeed each other, and also when manures and fertilizers are 
used a most efficient place in the rotation when these should be used, 
as has already been determined empirically from experience. The 
effect of cultivation, crop rotation, and fertilizers in improving the 
physical condition of the soil need not be dwelt upon here. 

CONCLTTSION. 

The fertility of the soil is a great national asset which can not be 
exhausted. It is not being developed or availed of in all cases as it 
should be, and will not be until, through investigation, we know more 
of the peculiarities of certain of our soils, their adaptation to crops, 
and special methods of control. The soils in different sections of tne 
country are unequally adapted to certain of our staple crops, which 
permite of specialization, or this difference can undoubtedly be largely 
minimized through new and improved methods of control if desirable. 

In all sections, as in all business and professional work, we have 
individual cases of failure and success, the cases of failure being 
generally due to inefficient methods and lack of knowledge, which 
can be overcome only by better training and education. On Sie whole, 
the management of the soils of the world seems to be improving, at 
least in modem times. This improvement appears to have been 
greater in Europe, where the population has been denser and the need 
more pressing tnan in our own country. 

The time has now arrived, when practically all available new lands 
in this country have been taken up, when improvement must be more 
rapid than in the past to maintain the integrity of the nation and its 
commercial supremacy among the nations of the world, and this can 
best be done by continuing and extending the educational work and 
the investigations along broad national lines which the administra- 
tion and the Congress have supported in the past. 
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Appendix A. 

Acreage and yield per acre of cereal crops in European countriei. 
AUSTRIA. 
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19.3 




00 


243 


2. 


00 


22.8 


836,200 


l&O 


1905... 


2 


00 


19.6 




00 


2a2 




iOO 


27.7 


2, 


00 


240 


861,100 


20.1 


1906... 


2 


00 


2a2 


4; 


00 


19.9 


t 


!00 


841 


2, 


KW 


26.1 


836,200 


20.7 



HUNGARY. 





Wheat. 


Rye. 


Oats. 


Barley. 


Com. 


Year. 




Aver- 




Aver- 




Aver- 




Aver- 




Aver- 




Area. 


yiSd. 


Area. 


^. 


Ana. 


^ 


Area. 


^d. 


Area. 


ySSd. 




Aerea. 


BuOi.* 


Aerea. 


B««».« 


Aerea. 


Buah.a 


Aerea. 


Buah.a 


Aerea. 


Buah.a 


1883... 


6,438,300 


141 


2,714900 


148 


2,453,000 


2a9 


2,402.600 


16 4 


4,507,500 


19.4 


1*^... 


6,797.800 


15.8 


2,729,400 


1&7 


2,457,800 


23.2 


2.459,600 


19.0 


4,585,300 


19.7 


IS85... 


7, 172. 100 


1&6 


3,061,200 


14 7 


2,841. (iOO 


20.9 


2,757,100 


2a6 


5,396,000 


22.3 


1886... 


7,229,800 


l&O 


3,048,900 


13.4 


2,876,400 


2a8 


2,751,100 


14 7 


5,502,400 


17.7 


1887... 


7,275.200 


2a8 


3,035,300 


17.9 


2,857,400 


23.0 


2,(m.]00 


21.9 


5,291,000 


16.9 


1S88... 


7,277.500 


19.5 


2,992.000 


l&l 


2,846.300 


21.2 


2,590.100 


18.3 


5,398,900 


2ai 


1889... 


7.63G.800 


12.9 


2,931,900 


13.6 


2,757.000 


16.7 


2,645,800 


13.7 


5,585,600 


2a5 


1890... 


7.834.300 


19.8 


2,942,600 


18.1 


2,692.600 


21.1 


2.654,200 


2a8 


5,589,000 


18.4 


1>91... 


7,929,700 


18.4 


2.798,500 


141 


2.722,300 


25.2 . 2.739,300 


2a8 


5,830,000 


27.7 


\m... 


8,0H5.800 


ia5 


2,973.800 


16.5 


2,714,700 


243 2,743.500 


19.7 


6,031,000 


21.9 


1 93... 


8,648,500 


19.5 


3,209.400 


17.9 


2,625.400 


29.2 2,749.600 


24 4 


6,941,500 


26.8 


1^94... 


8,483.900 


18.2 


2,991,900 


19.6 


2,604.600 


30.1 2.780.600 


22.7 


5,898,000 


14 


1895... 


g 0^ OQO 


2a7 


2.802,800 


16.7 


2,503.600 


29.6 2,658.400 


21.4 


6,208.300 


26.5 


lvi»6... 


8, 00 


19.4 


2.807,200 


18.2 


2.54<i.700 


31.4 2.06(1.200 


24 


6,049.200 


247 


1^97... 


7, 00 


11.7 


2.691,300 


13.5 


2,450,400 


24 3 ; 2,507,300 


17.6 


5.793.100 


2a5 


1898... 


8, 00 


17.1 


2,735,400 


16 9 


2.687,300 


33.1 


2,583,(00 


23.6 


6.191.900 


239 


1899... 


8, 00 


17.8 


2,816,400 


17.7 


2.62ii.9O0 


33.3 


2,681,400 


24 


6,169.300 


21.2 


1900... 


8, 00 


17.3 


2,752.100 


1&4 


2.t>?2,700 


28.6 


2,6(i7,700 


21.3 


6.396,100 


22.9 


1901... 


8, 00 


1&2 


2,795,000 


16.6 


2,074,300 


27.6 


2,680,800 


19.8 


6,392,200 


28.1 


1902... 


8. 00 


2a4 


2,803,700 


18.7 


2,679.400 


333 


2,695.700 


24 3 


6,287,800 


19.1 


1903... 


9. 00 


19.1 


2,801,700 


18.1 


2,776.500 


311 


2,746.800 


249 


6,579,000 


242 


1904... 


9, 00 


16.1 


2,760,400 


16.6 


2,703.700 


26.0 


2,693.800 


19.4 


5.828,600 


12.1 


1906... 


9,197,700 


18.5 


2,790,900 


19.0 


2,750,300 


3a5 


2,722,400 


240 


6,235,400 


18.0 


1906... 


9.596,600 


21.8 


2,802,400 


19.4 


2,816,700 


83.4 


2,769,800 


36.3 


6,731,800 


28.0 



• Prior to 1893 Winchester bushels. 
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Acreage and yield per acre of cereal crops in European oountriet— Continued. 

BELQIUIL 





Wheat 


Rye. 


Oats. 


Barley. 


Tear. 


• 
Avea. 

Acres. 

681,800 

666,000 

650,000 

635,000 

619,000 

603,000 

587,000 

572,000 

556,000 

640,000 

624,000 

509,000 

493,000 

477,000 

461,000 

445,700 

440,000 

434,000 

429,000 

423,000 

41 7, .500 
4(.9, 700 
415,700 
355,400 
393,200 
402,600 


AyeragB yield. 


Avea. 


Avei^ 


Area. 


yfaSd. 


Area. 


Average yield. 




Winter. 


Sprlnf. 


Winter. 


Sprlnf. 


1880 


Bush. 
26.6 
22.4 
25.7 
25.0 
25.9 
27.5 
27.0 
29.8 
21.9 
28.2 
28.6 
23.0 
31.2 
27.7 
28.4 
28.8 
30.7 
26.9 
31.7 
26.2 


BuOi. 
23.7 
19.5 
19.0 
22.1 
22.0 
22.7 
22.0 

' "io.'s' 

21.8 
23.2 
26.0 
26.9 
22.7 
22.6 
26.5 
23.7 
24.0 
22.8 
20.4 


Acres. 

686,100 

687,000 

688,000 

689,000 

690,000 

691,000 

692,000 

093,000 

694,000 

605,000 

696,000 

096,000 

697,000 

698,000 

699,000 

700,200 

681,000 

662,000 

644,000 

026,000 

605,800 
620,400 
664,900 
626,800 
639,300 
669,700 


Bush. 
26.5 
20.9 
26.0 
23.0 
26.4 
26.1 
22.4 
27.7 
21.7 
26.6 
28.7 
22.4 
33.3 
28.0 
30.6 
30.4 
32.3 
29.5 
29.6 
26.5 

82.8 
34.1 
34.2 
34.7 
34.4 
32.4 


Acres. 

616,500 

616,000 

616,000 

616,000 

616,000 

616,000 

616,000 

616,000 

615,000 

615,000 

616,000 

615,000 

615,000 

615,000 

615,000 

614,500 

617,000 

610,000 

621,000 

624,000 

625,800 
615,800 
646,200 
706,800 
613,300 
686,500 


Bush. 
48.6 
38.7 
44.5 
41.1 
46.4 
46.4 
62.4 
42.0 
60.1 
49.2 
65.2 
69.3 
49.3 
35.1 
60.6 
55.8 
46.4 


Acres. 
99,300 
99,300 
99,300 
99,300 
99,300 
99,300 
99,400 
99,400 
99,400 
99,400 
99,400 
99,400 
99,400 
99,400 
99,400 
99,400 
QQ.OflO 


Bush. 
36.0 
36.4 
38.6 
37.6 
42.3 
42.7 
39.3 
43.0 
36.1 
40.4 
45.4 
34.3 
44.9 
38.8 
40.6 
43.6 
44.6 
37.3 
42.2 
42.3 


BuA. 
31.4 


1881 


27.9 


1882 


2B.1 


1883 


31.1 


1884 


33.8 


1886 


32.1 


1886 


36.8 


1887 


33.0 


1888 


32.8 


1889 


32.9 


li^OO 


34.5 


1891 


38.3 


1892 


36.9 


1893 


39.4 


1894 


S2.0 


1895 


S2.0 


1896 


33.6 


1897 


64.9 08.000 


31.1 


1898 


66.8 
63.3 

62.6 
65.9 
70.5 
68.5 
61.1 
67.6 


97,000 
96,000 

95,000 
94,600 
93,900 
79,800 
98,800 
H400 


33.9 


1899 


39.8 


1900 


33.0 
34.5 
34.0 
34.7 
36.1 
30.8 


50.1 


1901 


51.S 


1902 


52.9 


1903 


40.3 


1904 


60.7 


1906 


47.0 













DENMARK. 





Wheat. 


Rye. 


Oats. 


Bartey. 


Year. 


Area. 


yield. 


Area. 


Average 
yield. 


Area. 


yield. 


Area. 


Average 


1883 


Acres. 
132,900 
130,300 
127,700 
125,100 
122,500 
119,900 
115,600 
111,200 
106,800 
102,500 
98,100 
93,700 
89,400 
85,000 


Bush.* 
33.9 
36.0 
40.1 
87.7 
43.7 
27.4 
36.3 
33.9 
39.1 
41.6 
39.3 
34.8 
38.8 
43.4 
40.9 
36.2 
43.0 
42.4 
29.2 

r 44.7 
44.1 
42.5 

I 40.8 


Acres. 

670,700 

675,400 

680,000 

684,700 

689,300 

604,000 

607,000 

700,100 

703,100 

706,100 

709,100 

712,200 

715,200 

718,200 


BuOi.a 
26.4 
24.7 
26.3 
24.3 
25.0 
23.6 
26.0 
24.3 
27.8 
28.0 
27.7 
23.4 
26.7 
2&0 
25.2 
22.5 
2&6 
27.8 
24.7 
f 27.9 
2a6 
24.5 

. 28.5 




Bush.* 
30.2 
30.4 
33.1 
34.1 
30.5 
33.7 
26.6 
35.2 
82.8 
88.1 
26.9 
36.0 
37.2 
35.6 
32.4 
38.2 
34.1 
37.1 
36.0 

r 38.6 
39.0 
36.1 

ao.0 


Acres, 

709,800 

763,100 

756,400 

749,800 

743,100 

786,400 

780,800 

726,100 

719,600 

713,800 

708,200 

702,500 

696,900 

691,200 


Bush.* 

27.1 


1884 


27.3 


1885 


27.6 


1886 


8L0 


1887 


29.4 


1888 


80.1 


1889 


2&6 


1890 


82.8 


1891 


SI. 5 


1892 


S16 


1893 


214 


1894 


80.8 


1895 


81.3 


1896 


ao.7 


1897 


27.7 


1898 










81.6 


1899 










81. 4 


1900 








"696,366* 
^666, 600 


38.0 


1901 


32,200 
iM01,200 


673,400 
*«74,300 


1,069,100 
<>1,057,100 


82.0 


1902 

1903 

1904 

1906 


r 85.6 
85.5 
84.6 
S3.3 







• Winchester bushels. 

b Area returned by the census of 1901 as intended for the crop named at the time of ISall planting: the 
area actually harvested in 1901, owing to the failure of the wheat erop, differed oonalderably from tbmb 
figures. 
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Aerioge and yidd per acre of cereal crops in European countries— Continued, 

FRANCE. 





Whaat 


By*. 


Oats. 


Barley. 


Com. 


Tmt. 


Aim. 


Avsr- 


Area. 


Aver- 


Area. 


Avar- 


Ana. 


Aver- 


Area. 


Aver- 
yi!Sd. 


1883 

1884 

1888 

1886 

1887 

1888 

1880 

1800 

1801 

1803 

1808 

1804 

1806 

1806 

1807 

1808 

1800 

1000 

1901 

1903 

1908 

1904 

1906 

1906 


Aera. 

16 00 

17 OO 
17 OO 
17 OO 
17 DO 
17 DO 
17 DO 
17 DO 
14 DO 
17 DO 
17 DO 
17 DO 
17 DO 
16 DO 

16 DO 

17 DO 
17 DO 
16 DO 
16 DO 
16 DO 
16 DO 
16 DO 
16 DO 
1< DO 


Bum. 
17.8 
18.6 
18.3 
17.6 
1&6 
16.0 
17.6 
19.0 
15.3 
l&O 
15.0 
19.9 
19.6 
20.0 
14.9 
31.3 
31.3 
19.2 
1&5 
30.3 
33.7 
1&6 
20.8 
30.4 


i 
4, 30 
4 30 
4, 30 
4^ 30 
4, 30 
4 30 
3 30 
3 30 
3 30 
3, 30 
3 30 
3 30 
3 30 
3, 30 
3, 30 
3, 30 
3 30 
3, 30 
3 30 
3, 30 
3, 30 
3, 30 
3 30 
3,1 30 


Sua. 
16.4 
17.3 
16.6 
15.8 
16.6 
15.5 
16.5 
17.4 
16.4 
17.6 
17.0 
19.5 
19.0 
1&8 
13.3 
1&4 
1&3 
16.9 
16.7 
13.9 
18.1 
16.8 
1&7 
16.4 


1 ) 


BiMJI. 

32.9 
31.2 
30.7 
31.5 
28.3 
39.3 
39.6 
33.6 
32.6 
28.5 
20.7 
30.7 
31.2 
30.6 
26.7 
33.5 
31.6 
29.3 
36.5 
33.8 
36.3 
30.7 
32.5 
31.0 


3 iw 

2 OO 
2 OO 
2 OO 
2 OO 
2 OO 
2 OO 
2 OO 
8 OO 
2 OO 
2 OO 
2 OO 
2 DO 
2 OO 
2 OO 
2 00 
1 OO 
1 OO 
1 OO 
I OO 
1 00 
1 00 
1 00 
1 00 


Butk. 
22.5 
21.7 
21.7 
22.6 
21.7 
20.8 
21.2 
23.0 
24.7 
21.2 
16.6 
22.6 
22.6 
22.5 
19.6 
24.1 
23.7 
22.6 
21.8 
25.4 
26.2 
22.6 
24.1 
31.6 




Aera. 
«" «oo 

DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
DO 
OO 
OO 
OO 
OO 
OO 
OO 


Buth. 
17.7 
18.4 
18.4 
18.7 
21.6 
20.0 
18.0 
17.4 
19.4 
19.5 
1&8 
19.4 
18.8 
31.3 
21.3 
17.3 
1&6 
16.8 
19.9 
30.8 
30.8 
16.3 
19.6 









GERMANY. 





Wheat. 


Rye. 


Oats. 


Barley. 


Year. 


Area. 


^^33f 


Area. 


Average 
yield! 


Area. 


Average 
yield. 


Area. 


Average 
yield! 


1888 




















3,907,800 
4,725,200 
4,466,800 

4,762,000 
4,783,900 


BuA. 
1&3 
19.2 
20.2 
20.7 
21.9 
19.5 
18.0 
21.5 
18.4 
23.8 
24.8 
25.0 
24.4 
36.4 
35.8 
27.3 
38.4 
37.9 
23.5 
80.3 
39.2 
39.5 
38.5 
80.8 


14 
U 
U 
U 

u 
u 

14 
14 
12 
14 
14 
14 
14 
14 
14 
14 
14 
14 
U 
11 
U 
U 
U 
U 


00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
iOO 
00 
00 


Butk, 
15.4 
14.9 
15.9 
16.6 
17.4 
15.1 
14 7 
16.1 
13.9 
19.3 
38.7 
33.0 

3ao 

23.7 
31.8 
242 
23.5 
22.9 
22.4 
246 
26.2 
26.8 
249 
35.1 


Aer 
9,322 


- - 




7 


1884 


9,33( 9 


I8(» . 


9,35' 3 


}fm 


9,40< 1 


1887 


9,41/ 7 


1888 


9,47( 4 


1880 


9,60^ 4 


1800 


9,64: 6 


1801 


10,26( 9 


1803 


985: 6 


1803 


9,65^ 7 


1804 


9,67i 1 


1896 


9,95^ 8 


1896 


9,83; 8 


1897 


9 881 1 


1806 


9,87/ 3 


1809 


9,88: 


1900 


10, 1» 


1901 


10,90( 


1902 


10,27( 


1901 


10, 60; 


1904 


10,36: 


1905.. 


10, 33^ 


1906 


10,43! 









•Not estimated offlciallj. 
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ITALY. 





Wheat. 


Rye. 


Oats. 


Barley. 


Corn. 


Yeer. 


Area. 


Aver- 
age 
yield. 


Area. 


Aver- 


Area. 


Aver- 
ylTd. 


Ana. 


Aver- 


Area. 


Aver- 


18886... 
1884 


Aerfs. 
10,950,600 


Bwh.a 
12.1 


Acres. 
395,400 


Bush.a 

13.2 




Acres. 
1,079,900 


Busk.a 
17.0 


Acres. 
835,200 


Busk.» 
13.1 


Acres. 
4,675,200 


Bush.a 
18.0 


1885 . . 






















1880 






















1887 






















1888 
























1889. .!. 












I 








1890 

1891 

1892 

1803 

1894 

1896 

1896 


10,889,900 
11,124,600 
11,193,800 
11,258,100 
11,302,500 
11,349,500 
11,319,800 


12.1 
12.7 
10.3 
12.0 
10.8 
10.4 
12.8 


348,400 
360,900 
355,800 
358,300 
3.'SO,900 
338,600 


12.7 
13.1 
11.9 
12.6 
12.3 
11.8 


1,119,400 
1,107,000 
1,112,000 
1,131,700 
1,151,500 
1,171,300 


17.0 
18.0 
15.5 
16.1 
14.8 
10.4 


820,400 
761, 100 
773,400 
798.100 
748,700 
733,900 
761, 100 


13.4 
12.7 
10.8 
9.9 
11.1 
10.1 
18.2 


4,724,600 
4,709,800 
4,702,4OJ 
4,744,400 
4,697,400 
4,835,800 
4,833,400 


15.9 
15.4 
15.3 
17.4 
12.7 
14.6 
16.5 


1897 












1898. 












1 








1899 






















1900. 





















1901 


11,910,400 
11,737,400 
11,984,500 
13,336,200 
13,134,300 


13.8 













4,336,700 
4,200,800 
4,171,100 
4,796,800 
4,845,500 


23.2 


1902... 


11.6 
15.4 
12.6 
12.2 












16.9 


1903 














21.3 


1904. 














19.5 


1005 














20.2 




1 













a Winchester btisliels. 



b Average, 1870-1883. 



NETHERLANDS. 





Wheat. 


Rye. 


Oats. 


Bariey. 


Year. 


Area. 


Average 

yield. 


Area. 


Average 
yield. 


Area. 


Average 
yield. 


Area. 


Average 
yield. 


1883 


Acres. 
214,100 
219,300 
209,500 
199,300 
210.500 
• 209,200 
211.000 
209.(00 
144.800 
1K3. 100 
17.'».(XK) 

i5y.»;<K) 

1.52.900 
1.53. 900 
153.700 
180. roo 
177,500 
1.57. JsOO 

13-1. t;oo 

152.400 
1.37.200 
133.t00 
150,700 


Bush.a 
26.3 
26.9 
30.2 
26.3 
32.7 
25.1 
30.7 
25.9 
24.2 
29.3 
28.4 
26. 1 
28.0 
32.8 
27.9 
29.9 
28.7 
29.6 
31.4 
33.5 
31.0 
33.1 
33.7 


Acres. 
493.000 
498.500 
603.800 
603.400 
604.100 
600.200 
601,. 500 
603,100 
453,500 
495,800 
499,100 
514.700 
519,100 
531.100 
627,400 
630.100 
528.500 
528,900 
532.900 
639.300 
539,000 
634,000 
541,700 


Bush.a 
22.0 
21.3 
23.0 
21.3 
27.3 
19.7 
22.6 
22.1 
18.3 
25.1 
24.8 
23.9 
24.7 
25.6 
22.6 
25.8 
24.5 
25.8 
2. . 6 
25.9 
25.9 
25.8 
25.4 


Acres. 
295,200 
278,300 
283,100 
300,400 
285.300 
281.900 
281. 100 
284,300 
377,400 
312,400 
312.200 
327,400 
3*23,700 
317,400 
331,400 
314. 100 
316.800 
32-J.700 
3:14.400 
339.800 
357,100 
357,700 
325,800 


Busk.» 
38.7 
4a6 
46.1 
48.8 
42.5 
44.5 
47.1 
46.6 
40.1 
48.0 
39.5 
46.1 
48.0 
48.3 
48.7 
52.9 
5a7 
63.3 
6&8 
56.6 
56.3 
62.0 
40.8 


Acres. 
120,000 
116,400 
122,600 
110,100 
111,400 
111,100 
109,700 
104,400 
111.800 
107.700 
103,500 
04.900 
05,700 
07,200 
89.800 
87,000 
87,800 
04,400 
88,700 
00,100 
78.900 
76,300 
81,700 


Bush.a 

42.6 


1884 


42.0 


1885 


44.7 


lh.S») 


42.8 


1887 


47.0 


1888 


38.3 


1S89 


44.3 


1890 


39.8 


1891 


4ao 


1892 


46.3 


1893 


46.1 


1894 


88.2 


1895 


44.8 


1896 


47.0 


1897 


41.6 


1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 


43.0 
45.2 
4&6 
43.7 
61.6 
4&5 
47.2 
40.1 



a Winchester bushela. 
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ROUMANIA. 





Wheat 


Rye. 


Oats. 


Barley. 


Ckim. 


Year. 




Aver- 




Aver- 




Aver- 




Aver- 




Aveiw 




Area. 


yiTa. 


Area. 


ySSd. 


Area. 


age 
yield. 

Btuh.a 


Area. 


age 
yield. 


Ana. 


^ 




Aeret. 


Btuh.a 


Acres. 


Bush.a 


Aeret, 


Acres. 


Bush.a 


Aerea. 


Butk.a 


1886 


2,903,700 


11.9 


570.800 


11.2 


660.700 


17.5 


1,371.200 


10.6 


4,234,400 


17.1 


1887 


2,791,500 


17.0 


686.600 


13.0 


682.200 


21.2 


1.504.600 


12.4 


4,560.600 


la? 


1888 


3,104,400 


18.6 


743.500 


19.7 


528,600 


20.4 


l,25l.r^ 


18.4 


4.283.500 


14.7 


1889 


3.810.900 


15.1 


424.500 


13.5 


483,800 


18.6 


l,2fi3.'») 


12.5 


4,435.800 


15.6 


1890 


3.730.500 


13.9 


412.900 


11.4 


441.100 


17.2 


1.280.200 


12.6 


4,307.300 


14.1 


1891 


3,811,600 


12.7 


301.200 


12.9 


456.000 


16.9 


1,299.500 


17.1 


4,184.200 


14.8 


1892 


3,696,900 


17.3 


328. IKW 


14.1 


657.700 


19.8 


1,384.300 


14.9 


4,502.500 


20.5 


1893 


3,221,200 


18.9 


353.400 


21.8 


622.300 


24.8 


1.467.600 


24.4 


4,644,700 


16.0 


1894 


3.441.300 


12.7 


395.400 


14.6 


649.100 


16.4 


1,381.900 


12.2 


4,367.700 


6.8 


1885 


3,563,400 


19.3 


537.600 


17.2 


668.500 


16.6 


1,365.600 


16.4 


4,660,300 


15.6 


1896 


3,719,400 


19.1 


601,500 


20.3 


696.500 


21.1 


1,501.7(10 


21.2 


4,791,500 


13.7 


1897 


3.941.500 


9.2 


582.600 


11.7 


712.000 


13.8 


1,673.400 


12.7 


4,683,500 


17.4 


1898 


3.591.900 


16.3 


477.100 


16.0 


756.000 


23.0 


1,618.200 


18.8 


5,238,800 


19.5 


1899 


4,105.300 


6.3 


467.900 


4.2 


766,500 


&2 


1,578.200 


2.9 


4,983,600 


5.6 


1900 


3,927,700 


14.4 


405.900 


14.8 


630.800 


18.8 


1,084.500 


13.5 


6,029,200 


16.9 


1901 


4,044,000 


17.9 


622.400 


18.3 


656.100 


25.2 


1,244,700 


19.5 


6,258,400 


22.2 


1902 


3.673.200 


20.8 


427.000 


16.3 


793.. 500 


27.6 


1,254,700 


19.7 


6,391,500 


.12.7 


1903 


3,967.600 


18.6 


390.500 


18.3 


1,054.500 


29.8 


1,311,900 


22.7 


5,120,200 


15.7 


1904 


4.254.700 


12.6 


3.^900 


6.7 


1,052.000 


12.0 


1,820.100 


8.8 


5,173,800 


3.8 


1905 


4.838.900 


21.4 


398.300 


33.7 


921.000 


20.6 


1,306,600 


21.9 


4,882,206 


12.1 


1906 


4,998,500 


22.8 


454,500 


19.6 


943,700 


27.7 


1,380,600 


24.3 


6,144,500 


29.4 



• Winchester bushels. 
RUSSIA. 



• Statistics corresponding to those of production not available. 
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8EBVIA. 





Wheat 


Rye. 


Oats. 


Bariey. 


Com. 


Year. 


Ana. 


Aver- 


Area. 


Aver- 


Area. 


Aver- 


Area. 


Ayer- 


Area. 


Aver- 
yiSL 


1893 


Acres. 

788,500 

691,300 

695,900 

997,900 

766,100 

753,200 

804,600 

8(30,100 

905,400 

919,600 

921,400 


Bush, 
11.1 
19.4 
140 
11.7 
10.6 
10.8 
14.2 
12.7 
12.9 
12.3 
14.3 


Acres. 
147,800 
91,900 
111,700 
146, 100 
87,900 
93,300 
98,<00 
105,100 
111,500 
117,500 
120,200 


Bush. 
8.9 
20.7 
14.2 
11.4 
7.7 
9.5 
11.0 
10.4 
9.2 
9.4 
13.0 


Acres. 

261,800 

247,300 

235,100 

250,100 

210,600 

226,200 

248,100 

267,600 

259,100 

258,200 

201,500 


Bush. 
12.5 
39.6 
27.4 
19.8 
12.7 
14.8 
16.3 
16.4 
12.2 
13.7 
17.7 


Acres. 

227,600 

185,200 

237,200 

281,400 

184,900 

195,000 

217,900 

234,900 

244,700 

266,300 

270,200 


Busk. 
11.1 
22.9 
16.9 
13.8 
12.2 
12.1 
16.0 
14.6 
12.9 
13.8 
17.6 


Acres. 
1,314,100 
1,107,900 
1,235,700 
1,348,500 
1,144,900 
1,251,500 
1,296,400 
1,319,100 
1,336,600 
1,365,300 
1,354,500 


BuA. 
13.8 


1897 


30.8 


1898 


22.8 


1899 


19.2 


1900 


16.1 


1901 


l&l 


1902 


14.2 


1903 


14.8 


1904 


7.1 


1905 


15.7 


1906 


20.6 







SPAIN. 





Wlieat 


Rye. 


Barley. 


Oats. 


Com. 


Year. 


Area. 


Aver- 
yiSd. 


Area. 


Aver- 


Area. 


Aver- 
yldd. 


Area. 


Aver- 
jdSd. 


Area. 


Avor- 

age 
yittld. 


1800 


Acres. 
8, '"- "00 
8, 00 

7, 00 

8, 00 
7, 00 

7, 00 

9, 00 
9, 00 
9, 00 
9, 00 
9, 00 
9, 00 

8, 00 

9, 00 
8, 00 


Bush.i^ 
&8 
10.4 
11.8 
13.3 
10.8 
10.1 
9.7 
13.1 
10.8 
10.5 
14.9 
14.6 
14 4 
10.6 
10.4 


Acres. 
1,709,200 


Busk.b 
10.6 


Acres. 
3,787,100 


Busk.b 
10.1 


Acres. 


Bush.b 


Acres. 
660,300 


Busk.b 
243 


1892 








1093 


















1894 

1806 

1806 

1807 

1808 

1809 

1900 

1001 

1002 

1003 

1004 

1006 




11.6 
11.7 
9.2 
9.9 
11.9 
11.6 
11.9 
14.4 
13.5 
11.7 
9.1 
14 3 


2,"'"t)0 
2, 00 

2, 00 

3, 00 
3, 00 
3, 00 
3, 00 
3, 00 
3, 00 
3, 00 
3, 00 
3, 00 


23.0 
17.7 
13.8 
147 
19.7 
15.6 
16.6 
24 2 
22.6 
18.2 
15.8 
13.8 


730,100 

653,600 

683,100 

874,800 

938,000 

932,000 

937,200 

944,200 

1,111,800 

1,115,900 

1,103,400 

1,119,400 


17.0 
13.6 
lt5 
26.5 
18.1 
16.2 
17.5 
241 
21.0 
20.6 
16.7 
19.9 


826,000 

703,800 

003,300 

1,006,500 

1,036,000 

l,lt0,200 

1,175.700 

1,156,100 

1,142,700 

921,000 

1,072,LC0 

1,148,900 


23.1 
19.8 
1&4 
18.0 
147 
22.1 
22.1 
22.3 
22.1 
20.4 
19.8 
27.7 



a In 1889- 1S90, bushels of capacity. 



b Prior to 1897, busheb of capacity. 



SWEDEN. 





Wheat. 


Rye. 


Oats. 


Barley. 


Year. 


• 
Area. 


Average 
yield. 


AltA. 


Average 
yield. 


Area. 


Average 
yield. 


Area. 


Average 
yield. 


1800 


Acres. 

174,400 

175,400 

176,300 

174, 700 

175, 100 

175,800 

170,200 

178, 100 

182,800 

180,400 

192,500 

195,100 

202,400 

200,600 

199,900 

206,700 


Bush.» 
23.2 
24.7 
24.6 
22.3 
24.9 
21.1 
26.7 
26.3 
25.2 
24 4 
28.0 
21.5 
23.5 
27.6 
26.7 
26.0 


Acres. 

964,500 

978,200 

987,900 

994,600 

994,100 

997,100 

1,007,600 

1,012,300 

1,014,200 

1,012,400 

1,015,800 

1,013,800 

1,017,200 

1,013,800 

1,016,600 

1,014,100 


Bush. a 
'22 A 
22.0 
23.3 
23.5 
19.4 
19.2 
23.0 
22.7 
20.4 
20.0 
23.3 
21.5 
21.9 
23.0 
20.4 
241 


Acres. 
1,"^ "00 

1, 00 

2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 
2, 00 


Bush.<^ 
32.0 
26.4 
32.1 
27.9 
31.4 
31.0 
26.2 
26.6 
82.0 
24.9 
30.7 
27.1 
28.2 
29.3 
25.2 
28.8 


Acres. 

546,200 

646,600 

650,100 

640,300 

640,700 

642,600 

638,700 

642,100 

646,700 

646,400 

637,600 

637,800 

531,400 

528,900 

626,300 

614000 


BiM)k.« 
27 


1891 


23 9 


1802 


26.2 


1803 


23 9 


1804 


26.4 


1806 


25 7 


1800 


25.2 


1807 


25.2 


1898 


27.2 


1890 


22.0 


1000 


25.7 


1001 


23.7 


1002 


23.1 


1003 


26.7 


1004 


26.6 


1006 


26.0 







• WiDObester boshela. 
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AfBnaqt and field per acre of cereal erope in European etmnfrMr— Continued. 

SWITZERLAND. 





Wlwat 


Bya. 


Oati. 


Barley. 


Year. 


Ares. 


^^33f 


Area. 


Average 
yWdT 


Area. 


Average 
yWd! 


Area. 


Avefaci 
yWdT 


1888. 


Aeret. 
183,000 

174,000 

165,000 

160,000 
164,000 

164,000 
1 157,000 


BuOl 

19.7 
19.5 
24.6 
24.2 
25.0 
18.8 
23.7 
20.9 
17.9 
21.5 
24.5 
f 24.7 
25.1 
22.0 
24.3 
25.9 
24.7 
22.3 


Aeree. 
77,000 

79,000 

79,000 

88,000 
88,000 

88,000 
92,000 


Btuh, 
26.7 
22.2 
27.8 
26.6 
28.7 
22.5 
24.8 
21.5 
19.7 
23.0 
24.2 
25.9 
25.4 
24.0 
24.8 
26.6 
26.9 
24.9 


Aera. 
136,000 

139,000 

135,000 

144,000 
141,000 

140,000 
\ 187,000 


BuA. 
46.7 
43.4 
47.5 
48.6 
45.6 
30.3 
4.3.2 
43.5 
88.8 
41.0 
48.0 
47.9 
46.8 
41.3 
47.1 
1 49.4 
] 48.4 
\ 46.4 


Aaret. 
30,000 

30,000 

27,000 

27,000 
27,000 

27,000 
20,000 


Butk. 
27.0 
25 4 


1889 


18B0 


28.1 


1891 . . 


27.6 
27.5 


1892 


li«3 


22 


1894. 


25.0 


U96 .. 


25.0 
21.8 


18B6 


Ia97 


24 2 


18B8 


26.6 


1809 


f 25 8 


1900 

1901 


26.7 
24 4 


1902. 


26 2 


1908 

1904. 


28.0 
1 27 7 




\ 26:9 


GREAT BRITAIN. 






Wheat. 


Bariey. 


OatB. 


Year. 


Area. 


Average 


Area. 


Average 
yield. 


Area. 


yield. 


1881 



















10 


10 

*,«.„. -JO 
1,796,800 
1,755.600 


BMtk.a 


Acres. 

- "92,000 . 
68,800 
57,300 
41,200 
85,200 
S5,600 
21,500 
11,200 
12,800 
136,800 
75, 100 
95,800 
66,300 
04,800 
35,800 
03,700 
«2,100 
00,300 
172,400 
09,400 
158.500 
140,700 
13,700 
51.200 


Butk. 


ioo 
too 
soo 
no 

XX) 

MX) 

roo 

XX) 

100 

soo 

«0 

too 

100 

soo 

100 
VJO 
XX) 
100 

wo 

XX) 
200 

wo 
mo 


BuA. 


1884 


30.9 
82.3 
27.7 
33.1 
2&9 
30.8 
81.7 
82.2 
27.2 
26.8 
31.7 
27.1 
84.7 
30.0 
35.8 
33.8 
29.4 
31.8 
33.9 
31.1 
27.7 
33.8 
34.7 


35.2 
36.2 
33.2 
32.8 
33.9 
82.8 
86.1 
35.2 
35.7 
29.6 
35.6 
32.7 
34.7 
83.9 
86.9 
35.2 
32.3 
32.0 
35.9 
33.0 
32.1 
35.0 


88.7 


1885 


88.0 


1886. 


39.0 


1887 


35.8 


1888 


88.4 


1889 


40.5 


18B0 


42.7 


1891 


40.0 


18R 


40.0 


1893 


36.7 


UM 


42.9 


1»95 


38.2 


1S96 


88.0 


1«!97 


39.7 


18B6 


42.0 


1»9 


40.0 


1900 


30.1 


1901. 


37.9 


1902 


44.0 


1903 


41.0 


1904 

1905. 


40.4 
39.4 


1906 


35.7 j xn 


41.8 














1 









a Winchester bushels. 
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IRELAND. 



Year. 



1883. 
1884. 

1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 



Wheat. 



Ana. 



Aera. 
94,700 
67,900 
71,000 
09,500 
67,200 
99,000 
89,700 
92,300 
80,900 
75,400 
55,000 
49,300 
36,500 
38,000 
47,200 
52,800 
51,900 
53,800 
42,900 
44,200 
87,600 
30,800 
87,900 
43,900 



Average 
yield. 



BuA. 
2&6 
27.3 
2&8 
27.0 
28.3 
25.8 
29.9 
28.6 
32.3 
29.4 
30.3 
31.0 
30.4 
81.4 
28.7 
35.2 
33.4 
31.3 
34.2 
36.2 
31.3 
33.7 
37.8 
34.8 



Barley. 



Area. 



Aerea. 
183,600 
167,400 
179,600 
181,900 
162,400 
171,300 
186,300 
182,400 
178,300 
175,600 
169,000 
164,800 
171,800 
173,400 
170,700 
158,200 
169,700 
174, 200 
161,700 
167,900 
158,800 
158,100 
154,600 
176,500 



Average 
yield. 



Bwh. 
35.9 
37.4 
37.6 
35.6 
29.8 
36.9 
40.7 
39.2 
43.4 
3&3 
88.3 
39.9 
38.7 
42.3 
35.4 
44.0 
41.8 
87.3 
42.1 
49.3 
38.3 
34.7 
46.4 
40.9 



Oats. 



Area. 



Acres. 

noo 

00 
100 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 



Average 
yield. 



Sutk. 

47.7 
47.0 
47.8 
48.7 
40.3 
48.2 
49.8 
51.0 
54.2 
51.6 
54.4 
53.8 
52.4 
49.9 
48.4 
56.1 
56.2 
55.6 
56.6 
00.6 
53.6 
55.8 
56.9 
5&3 



Rye. 



Area. 



Acre*. 
7,200 
7,100 
8,400 
10,600 
10,800 
13,900 
15,800 
14,600 
13,400 
13,100 
13,^00 
11,900 
11,500 
13,700 
13,100 
12,400 
12,100 
11,400 
11,000 
9,600 
10,000 
9,400 
10,200 
10,300 



AveragB 
yield. 



BuOi. 
22.9 
22.2 
2S.4 
23.2 
21.6 
2&8 
25l8 
23.2 
27.1 
2S.1 
26.5 
25w6 
26.7 
25.6 
21.7 
25.5 
25.7 
25.7 
27.3 
28.1 
26.9 
26.0 
27.0 
27.6 



Appendix B. 

Chemical composition of the soils of the United States^ Great Britain and Ireland^ France, 
and Oermanyy with respect to potash^ phosphoric add, lime^ and magnesia. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES. 



State or Territory. 



Original 

sample 

No. 


Potash 
(K,0). 


Phos- 
phoric 
add 


Lime 
(CaO). 




(PiO»). 






Percent 


Percent. 


Percent 


1 


0.555 


0.230 


0.955 


3 


.161 


.066 


.210 


5 


.525 


.106 


.610 


7 


.643 


.069 


.576 


9 


.496 


.166 


.465 


12 


.153 


.144 


.625 


14 


.118 


.064 


.490 


16 


.272 


.121 


.405 


18 


.731 


.185 


.870 


19 


.321 


.189 


.250 


22 


.390 


.153 


.666 


26 


.095 


.032 


.176 


27 


.230 


.125 


.406 


3,5 


.580 


.086 


.620 


39 


.337 


.137 


.790 


51 


.351 


.156 


.140 


63 


.594 


.163 


L535 


65 


.506 


.117 


.900 


69 


.166 


.070 


.230 


70 


.479 


.185 


1.456 


73 


.884 


.106 


.370 


74 


.365 


.093 


1.186 


76 


.766 


.128 


.676 


80 


.134 


.066 


.406 


84 


.747 


.176 


% 


85 


.246 


.202 


87 


.366 


.147 


.710 


89 


.063 


.036 


.160 


90 


.295 


.163 


.686 



Magnesia 
(MgO). 



California a. 
lUinois 



Kanran 

Indiana 

Massachuaetts. 

Michigan 

Missouri 

Montana 

New York 

South Dalcota. 



Wisconsin.. 

Illinois 

Iowa 

New York.. 
California... 

Illinois 



Indiana.. 
Iowa 



Michigan 

Montana 

New York 

South Dakota.. 

Texas 

Wisconsin 



Per cent, 
L0fi2 
.247 
.643 
.510 
.480 
.668 
.276 
.600 
.907 
.618 
.628 
.162 
.412 
.866 
.685 
.585 
L726 
L542 
.218 
.989 
.460 
.662 
.615 
.281 
L105 
.649 
.686 
.104 



a This and following samples, to and including number 90, analyzed by Moore, Tour. Am. Chem. 8oc I^ 
85 (1902). 
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Chemical composition of the soiU of the United States, Great Britain and Ireland, France, 
and Germany, etc. — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— Continued. 



State or Territory. 



Orl«;iiua 

sample 

No. 



Potash 
(KtO). 



Phos- 
phoric 

add 
(PiO»). 



(CaO). 



Macneaia 



'Waifai]i0oo:a 

Yakima County 

Kittitas Coontv 

OncoOytt Morrow County. 
AlaEamafr 

Butler County 

Talladega County 

Pike County 



OleDdale. 



Oxanite Mountains. 

Orangewood 

Tempe 



Orangewood.. 



Tempe. 



Otaodale. 



Caaa Grande 

Criifomia, Needle8<i. 
CaBftimia:' 

Amador County. 



Butte County.. 
Shasta County.. 
Merced County . 
Fresno County., 



Alameda County 

Santa Clara County.. 
Napa County 



Sacramento County 

Contra Costa County 

San Bernardino County. 



San Diego County. . . 

Aiisona: 

NearYuma 

GOaRirer Valley... 
Citifomla:< 

Sutter County 

Tehana County 

Sacramoito County. 



1129 
1131 
1133 

3 
4 

6 

6 

11 

10 

17 

14 

1 

2 



7 

10 

8 

16 

18 

15 

12 

13 

20 

21 

1291 
1294 
1115 
1113 
1139 
1028 
1192 
1061 
1066 
1055 
1189 
1190 
1191 
1029 

1076 
1077 
880 
123 
809 
812 
1406 
1536 
1537 
1248 
1251 
1246 
1253 
1238 
1092 

506 
1195 

1645 
1636 
1696 
1099 



Per cent 
L07 
.70 
.89 
.15 
.182 
.906 
.149 

.956 
.528 
.777 
.472 
.671 
.630 
.783 
.503 

1.025 
.563 
.860 
.818 

L959 
.970 

L094 

1.045 
.683 
.777 
.686 
.534 



.64 
.26 
.53 
1.48 
.26 
.273 
.26 
.418 



.82 

1.32 
.67 

LOl 
.28 
.31 

1.48 
.67 
.65 
.24 
.79 
.97 
.87 
.78 
.60 
.74 

1.17 
.68 

1.17 
.64 

L42 

L18 
.66 

.74 
.50 
.49 
.62 



Percent 
ai3 
.18 
.18 
.017 
.009 
.150 
.082 

.244 
.148 
.220 
.140 
.050 
.113 
.060 
.068 
.053 
.122 
.106 
.207 
.227 
.210 
.179 
.147 
.149 
.063 
.045 
.031 
.185 

.06 

.07 

.06 

.05 

.07 

.041 

.03 

.028 

.02 

.07 

.06 

.16 

.08 

.70 

.11 

.08 

.08 

.06 

.06 

.11 

.05 

.14 

.07 

.03 

.00 

.11 

.12 

.11 

.06 

.35 

.13 
.23 

.24 
.26 
.20 
.11 



PereetU. 

2.00 

2.06 

1.37 

.051 

.276 



2.213 
3.028 
2.721 
2.883 
2.066 
2.453 
1.336 
1.854 

.981 
1.282 
L284 
2.703 
1.240 
2.419 
5l711 
2.611 
3.513 
4.206 
2.854 

.579 
6.427 

.20 

.17 

.50 

.60 

6.10 

.113 

.49 

L417 

L02 

L14 

.90 

L31 

LIO 

8.21 

L39 

.30 

2.49 

.71 

.66 

L51 

1.66 

L57 

1.56 

L71 

Lll 

L19 

1.15 

.96 

LOO 

2.20 

8.67 
6.26 

2.06 
.81 
L45 
L55 



Percent 
L34 
L47 
LOS 
.01 
.203 
.633 
.002 

2.535 
L991 
2.441 
2.025 
L391 
L666 
L817 
L188 
L764 
L356 
L713 
2.328 
2.102 
2.541 
3.086 
2.013 
L466 
L564 
L447 
.776 



/18 
.16 
.30 
2.21 
L23 



L955 
.68 
L58 
L54 
L74 
L28 
.43 
16.07 
L43 
ia77 
L71 
.34 
L24 
L66 
L33 
L85 
L78 
L40 
L29 
L30 
L27 



2.09 
2.97 



2.13 
L14 
.94 
.94 



•Hi^ard, Weather Bureau Bui. No. 3, p. 18 (1892). 

»BuL3, Alahama Agr. Expt. Sta., No. 3, p. 13. 

e BuL 28, Arizona Agr. Expt. Sta., pp. 77-92 (1896). 

'Ann. Rep. Cal. Agr. Expt. Sta.. I«f0, pp. 23-50. 

« Results for this and the following samples to and indusive of 2411 from Ann. Rep. Cal. Agr. Expt. 
Sta.. 1809-1901, IMM, 1804^ 1886-1907; Nos. 2324 to 2430, inclusive, from Bui. 147, Cal. Agr. Ept. Sta. 
Omy; No. 2«30 from BuL 140, CaL Agr. Expt Sta. (1002). 
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Chemical compontion of the ioih of the United States^ Great Britain and Ireland, Frano$, 
andOermany, etc, — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-Oontlnued. 



State or Territory. 



Original 
«unide 



Potash 
(KtO). 



Phos- 
phoric 
add 
(PtO»). 



(CaO). 



Colifomia— Continued : 

Kern County 

Sonoma County 

Napa County 

Alameda County 

San Luis Obispo County. 

San Benito County 

Ventura County 

Riverside County. . . . * 



Orange County. 
Tulare County- 



East Highlands.. 

Riverside 

Corona 

Wheatland 



1466 
1647 
1655 
1679 
1603 
1704 
1714 
1758 
1750 
1760 
1761 
1016 
1150 
1157 
1163 



Salton Basin. 



Berkeley 

Colorado: a 

Arkansas Valley.. 



Yuma 

Fort Collins. 



San Luis. 



Fort Collins. 
Florida: b 

Lake City... 



3408 
2405 
2406 
2411 
2324 
2325 
2430 

1 
2 
3 
4 
5 
6 
7 
8 

10 
11 



Perctmt. 
1.04 
.90 
L28 
.73 
.51 
.45 
.47 
1.37 
.84 
1.16 
1.01 
.80 
1.20 
1.31 
L24 
.96 
.87 
1.17 
.42 
.42 
.65 
.23 
.76 
.74 
.33 

.23 
.27 
.59 
.30 
.56 
.62 
.41 
.66 
.41 
.27 
.14 
.41 



Aubumdale. 



16 



Tobacco soil 

Tobacco soil (Cuban). 

Pineapple soil 

Orange soil 

Cotton soil , 



Newton County.... 
Hendricks County . 
Fountain County.. 
Delaware County.. 



Kentucky: tf 
Hodgenvllle. 
Lagrange — 
Beard 



Newport... 
Lexington. 



2003 
2004 
2130 
2131 
2276 
2501 
2502 



.018 
.160 
.006 
.014 
.010 

.47 

.23 

.680 

.181 

.428 

.281 

.32 

.35 

.21 

.22 

.000 
.190 
.532 
.515 
Trace. 
.510 
.480 



PereenL 
0.22 
.16 
.00 
.10 
.20 
.16 
.21 
.23 
.12 
.28 
.22 
.06 
.10 
.14 
.00 
.13 
.14 
.11 
.20 
.14 
.21 
.00 
.28 
.22 
.07 



.22 
.21 
.14 
.16 
.15 
.21 
.20 
.23 
.23 
.14 
.21 

.02 
.70 
.07 
.02 
.01 
.005 
.005 
.053 
1.60 
.012 
.018 
.032 

.17 
.22 
.284 
.222 
.123 
.154 
1.01 
.46 
.16 
.86 

.172 
.182 
.096 
.060 
.502 
.537 
.446 



Percent 

L29 

.90 

.64 

L15 

L04 

L16 

.07 

4.23 

2.19 

8.00 

13.94 

2.04 

L86 

1.70 

3.06 

.96 

1.57 

1.19 

.72 

.97 

.83 

.25 

4.35 

8.76 

.76 

2.80 

L28 

8.60 

1.46 

8.58 

2.17 

.70 

.91 

.67 

.81 

.68 

.70 

.06 
.34 
.06 
.06 
.10 
.007 
.006 
.190 
7.60 
.600 
.034 
Trace. 



PaeenL • 
1.24 
L97 

.91 
LOS 

.94 
2.09 

.57 
3.80 
2.32 
5.69 
6.16 
L92 
1.81 
L96 
2.71 
L43 
L38 
L29 
1.45 
L83 
L50 

.29 
L24 
1.68 

.76 



.060 
.190 
.198 
.175 



.605 
.425 



• Buls. 9 and 10, Colo. Agr. Ezpt. Sta. (1890). 

»Bul. 5, FU. Agr. Expt. Sta. (1899); Bui. 6 (1889); Bui. 19 (1803); Bui. 87 (1006). 
eBul. 05, Ind. Agr. Expt. Sta., pp. 2&-20 (1003). 

'This and foUow&g samples to and including No. 8500, Rep. Ky. Agr. Expt. Sta., 1802, 1808, 1804, 1809^ 
1001, 1003, 1003; Noin4396 to 14604» Bui. 126, Ky. Agr. Expt. Sta. 
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Chemical eompotiUon of the 9oiUof the United States^ Oreat Britain and Ireland^ Franee^ 
and Chermany, etc, — Continued. 

CHSIOCAL COMPOSITION OF THE SOILS OF THE UNITED STATES-Contiiuwd. 



State or Tenltory. 


Original 

sample 

No. 


Potaah 
(K.O). 


Phos- 
phoric 

add 
(PfO»). 


Lime 
(CaO). 


MagnedA 
(MgoT 


K«itiicky— Continued. 

CMky 


2600 
6080 
6040 
6041 
6048 
6044 
7716 
7720 
7886 
8457 
8600 
8810 
8847 
8866 
8857 
8807 
0641 
0802 
0800 
10240 
0708 
0623 
0624 
10403 
10404 
10405 
10496 
0766 
11067 
11068 
11188 
U170 
1U71 
11174 
10735 
11110 
14308 
14401 
14407 
144U 
14412 
14610 
14613 
14664 
14618 
14648 
14616 
14650 
14652 
14408 
14400 
14498 
14677 
14400 
14401 
14492 
14493 
14494 
14496 
14482 
14483 
14484 
14486 
14399 
14477 
14633 
14636 
14410 
14400 
14480 
14499 
14600 
14602 
14503 
14504 
14605 


PereenL 
a 310 
.178 
.240 
.204 
.214 
.306 
.006 
.120 
.160 
.307 
.261 
.223 
.234 
.308 
.411 
.367 
.26 
.160 
.160 
.318 
.264 
.146 
.166 
.471 
.606 
.476 
.214 
.141 
.148 
.134 
.273 
.224 
.440 
.102 
.160 
.220 
.206 
.130 
.642 
.710 
.732 
.640 
.646 
.376 
.638 
.455 
.407 
.407 
.401 
.360 
.576 
.417 
.682 
.406 
.400 
.380 
.410 
.407 
.452 
.435 
.437 
.337 
.347 
.278 
.300 
.126 
.483 
.262 
.202 
.180 
.350 
.430 
.188 
.256 
.307 
.280 


Percent. 

0.117 
.030 
.040 
.065 
.060 
.030 
.27 
.015 
.0u4 
.073 
.038 
.000 
.000 
.038 
.042 
.004 
.07 
.158 
.060 
.475 
.123 
.052 
.072 
.263 
.230 
.170 
.030 
.030 
.063 
.074 
.077 
.080 
.118 
.064 
.041 
.155 
.076 
.064 
.058 
.377 
.455 

1.335 

1.755 
.855 

L605 
.485 
.710 
.512 
.755 
.132 
.182 
.524 
.302 
.450 
.444 
.300 
.562 
.600 
.770 
.490 
.474 
.392 
.322 
.366 
.274 
.042 
.120 
.040 
.096 
.038 
.064 
.070 
.046 
.055 
.050 
.025 


PereenL 


PereenL 


Mem 






























SbelbyyiUe . ... 


0.26 
.120 




SoottafrlUe, Allen Coun^ 




t4«wMf» Ccin^ty . . . . 




I/Ogan ConDtyl . . 






JjfmiB Cotrnty . . . 






Boone Coun^ 












IfttTfffmli OAiiPty 












Kenton County 






Brnqkimrldge T^onnty. ....... 












Casey County 






Fayette County . , . 


.620 


320 


Henry County 




Hopkins County 












Ldrlngston County. . . . 

























Pulaski County . 






Grayson Couniy 







Meade and Hardin counties 






Heoderson County 






Hickman County 












Hopkins County 






Lincoln County 






Logan County 






Boone County 






Boyd County 






Casey County , 






Qaix County 


.500 
.600 
.725 

1.100 
.712 

L176 
.739 
.350 
.607 
.739 


480 


Fayette County 


.600 
.280 
.240 
.400 
.320 
.420 
.200 
.520 
.480 






















.400 
.475 
.400 
.600 
.660 
.725 


.400 
.620 
.400 
.480 
.480 
.420 








Henry County 


.300 
.350 


.220 
.340 








KnoxC/onnty 






Muhlenberg County ,. 






OliloCounnr 


.200 


.300 


Pendleton County ]* 






"'\ 









Warien County 
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Chemical composition of the ioUeof the United Statee, Oreat Britain and Ireland, Frana, 
and Qermany, etc, — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-Continued. 



State or Territory. 



Original 

sample 

No. 



Potash 
(KtO). 



Phoe- 

phoric 

add 

(P.O.). 



Ume Magneria 
(CaO). (MgO). 



Kentucky— Continued. 
Woodford County.. 



Louisiana*. 



Maine,b Scarboro 

Maryland: e 

Washington County. 



Virginia, cMartlnsburg 

Maryland, e Washington County . 



Lenawee County 

Washtenaw County. 
Cass County 



Shlwassee County . . . 
Agricultural College. 



Van Buren County. 

Lake County 

Mason County 



Osceola County . 
Mecosta County. 



Wexford County . . 
Missaukee County. 
Orand Traverse . . . 

Benzie County 

Antrim County... 
Grayling 



Kalamazoo 

Grand Haven 

Luce County 

Isabella County.. 
Midland County.. 
Clare County 



Lake County... 
Gratiot County. 



Bay County.. 
Montcalm County. 

Otsego County 

Iosco County 

Minnesota: < 

Redwing 

GUford 

Good Thunder 

Langdon 

Eden Prairie 

Faribault County.. 

Grant County 

McLeod County... 
Martin County.... 

Meeker County 

Goodhue County.. 
Warren 



Crookston. 



Twin Valley. 
Goisen 



14513 

14606 

14604 

la 

2a 



133 
134 
463 
465 
466 
467 

1 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

285 
2ti5 
2(.9 
290 
304 
300 
206 
234 
261 
302 
257 
203 
298 
202 
236 
272 
306 
308 



Percent. 
0.340 
.472 
.548 
.100 
.120 
.24 

.55 
.35 
.45 
.43 
.22 



1.84 

2.05 

1.18 

1.18 

1.10 

1.85 

.85 

2.12 

1.97 

.83 

.90 

.65 

2.10 

1.10 

L96 

L80 

.83 

1.95 

.80 

1.10 

.98 

.20 

.33 

.30 

.34 

.20 

.42 

.86 

1.85 

.54 

.90 

.73 

.92 

L18 

1.13 

.61 

1.10 

.16 
.33 
.46 
.17 
.11 
.30 
.21 
.25 
.31 
.25 
.16 
.54 
.50 
.60 
.54 
.90 
.18 
.30 



a Bui. 22, La. Agr. Expt. Sta., p. 730. 
b Ann. Rep. Me. Agr. Expt. Sta., 1894. 
c Ann. Kept. Md. Agr. Expt. Sta., 1889, p. 86. 
<f Bill. 99, Mich. Agr. Expt. Sta., 1893. pp. 6-15. 
<Tht:> and the following samples to and mcludlng No. 257 from 
Nos. 203 to 329, Bui. 30, 41, and 65, Minn. Agr. Expt. Sta. 



Percent 
a 428 
.625 
L385 
.064 
.112 
.29 

.50 
.82 
.24 
.28 
.20 
.19 

.40 
.41 
.40 
.44 



.41 
.31 
.13 
.23 
.22 
.30 
.20 
.44 
.33 
.15 
.28 
.13 
.21 
.18 
.05 
.04 
.01 
^88 
.69 
.46 
.10 
.40 
.15 
.36 
.14 
.14 
.38 
.20 
.14 
.16 

.10 
.10 
.00 
.15 
.22 
.10 
.10 
.20 
.15 
.18 
.30 
.38 
.31 
.20 
.24 
.13 
.13 
.10 



Percent 


Percent 






L725 
.170 
.060 


a240 
.114 
.081 


.56 




.56 




.31 




.12 




.56 




.31 





1.98 
2.10 
1.28 
2.02 
1.38 
L64 
1.22 
L28 
1.46 
.51 
.62 
.66 
1.00 
.80 
.04 
1.14 
.65 
L15 
.37 
.55 
.05 
.20 
.24 
.32 
6.00 
5 02 
4.18 
.87 
1.64 
.36 
.00 
.36 
.08 
1.18 
.82 
.40 
.03 

.47 

.66 

.60 

.48 

.74 

.70 

1.00 

.23 

.58 

2.48 

.76 

2.44 

2.40 

2.56 

2.40 

L07 

.48 

L20 



Rept. Minn. Agr. Expt. Sta., 189S; 
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Chemuxtl componHan of the soiU of the United StaUt, Oreat Britain and Ireland, France, 
and Germany, etc, — Continued. 

CHEMICAL COMPOSITION OP THE SOILS OF THE UNITED STATRS-OontinuML 



SUte or Territory. 



Original 

sample 

NoT 



Potaah 
(KfO). 



Phos- 

phorio 

add 

(P.O.). 



Lime 
(CaO). 



MasnesU 
(M«0). 



MfameMta— Continued. 
Moociiead 



WorthingtoQ 

Benson 

Ftargos Falls 

Alexandria 

Wadena , 

Park Rapids 

Hennlng , 

Fair Haven 

Mine Lacs 

Pine 

HineUey 

NewDdlatli 

Wjanette 

Saint Clood 

Dulath 

Farmlngton , 

Rolling Stone 

Faribault 

Owatonna 

Experiment station 

Austin 

Wells 

Mankato 

Polk County 

Norman County 

Polk County , 

Wilkin County 

Lincoln County 

Chippewa County 

Kandiyohi County , 

Grant Countr 

Martin County 

Meeker Counfy 

Wright Coun^ 

McLeod County , 

Hennepin County 

Ramsey County 

Wadena Coun^ 

Becker County 

Todd County 

Ottertail County 

Cass County 

Dakota County 

Wabasha County 

Ooodhue County 

Rioe County 

Houston County 

Freeborn County 

Flllmors County 

Faribault County 

Olmsted County 

Blue Earth County 

Washington County 

Chlaaco County 

Ptne County 

Cailton County 

Chisago County 

Ptne County 

72539— S. Doc. e76. 60-2, vol a 



375 
234 
312 
223 
350 
3« 
306 
336 
314 
306 
310 
346 
230 
203 
373 
316 
336 
336 
333 
286 
212 
264 
377 
370 
330 
280 
283 
343 
218 
230 
204 
464 
330 
317 
446 
446 
426 
442 
444 
414 
266 
261 
202 
433 
462 
430 
451 
374 
430 
422 
418 
424 
456 
414 
436 
434 
466 
285 
257 
480 
463 
470 
487 
300 
485 
200 
440 
314 
400 
436 
336 
474 
407 
405 
501 



Per 



cent, 
0.73 
.46 
.36 
.16 
.34 
.33 
.33 
.36 
.46 
.17 
.44 
.36 
.36 
.10 
.20 
.14 
.06 
.18 
.37 
.06 
.65 
.35 
.30 
.10 
.30 
.33 
.38 
.80 
.83 
.36 
.10 
.64 
.43 
.34 
.87 
.37 
.30 
.38 
.46 
.35 
.31 
.31 
.35 
.18 
.17 
.80 
.30 
.26 
.30 
.35 
.17 
.16 
.15 
.37 
.83 
.30 
.37 
.33 
.36 
.83 
.34 
.37 
.41 
.80 
.61 
.46 
.36 
.17 
.20 
.16 
.35 
.13 
.34 
.81 
.38 



Percent, 
0.30 
.35 
.30 
.31 
.31 
.36 
.35 
.66 
.27 
.32 
.31 
.20 
.15 
.36 
.31 
.33 
.04 
.13 
.33 
.10 
.10 
.45 
.20 
.20 
.23 
.21 
.13 
.33 
.86 
.35 
.80 
.30 
.30 
.37 
.30 
.33 
.15 
.26 
.36 
.31 
.10 
.35 
.16 
.33 
.30 
.86 
.33 
.10 
.45 
.47 
.31 
.13 
.16 
.30 
.06 
.26 
.36 
.10 
.30 
.16 
.32 
.26 
.12 
.10 
.24 
.10 
.10 
.20 
.20 
.13 
.12 
2.61 
.10 
.11 
.23 



Digitized by 



Percent 

1.20 
.60 
.65 
.61 

LOO 

L58 
.03 

LOO 

13.56 

.54 

L26 
.60 
.61 
.68 
.77 
.36 
.11 
.76 
.32 
.31 
.26 
.51 
.46 
.46 
.41 
.54 
.46 
.51 
.48 

LIO 
.58 

MO 

5l05 
.71 
.80 

L36 
.86. 
.56 

L05 
.70 

LOO 
.56 

3.48 
.60 
.05 
.51 
.03 
.63 
.04 
.88 
.56 
.47 
.78 
.26 
.31 
.53 
.67 
.40 
.76 
.51 
.42 
.60 
.45 
.70 



Pere 



.60 
.30 
.38 



0.80 
.88 
.77 
.66 
.35 
.65 
.34 
.63 

3. 57 
.33 
.35 
.60 
.16 
.13 
.35 
.20 
.12 
.25 
.51 
.13 
.10 
.12 
.16 
.27 
.30 
.30 
.18 
.26 
.45 
.00 
.11 
.50 

3.67 
.63 
.58 
.30 
.73 
.74 
.70 
.43 
.42 
.10 
.07 
.42 
.66 
.50 
.45 
.31 
.51 
.55 
.36 
.34 
.17 
.11 
.88 
.40 
.54 
.17 
.61 



.47 
.46 
.66 
.40 
.77 
.16 
.43 
.11 



.30 
.35 
.80 
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BEPORT OP NATIONAL CONSERVATION COMMISSION. 



Chemical cor/tpositUm of the soiU ^ tke United StaUs, Great Briudn end Inland, Prance, 
<md Cfermenyy etc. — Oontiniied. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-TonUnaed. 



State Of Tfifritory. 



Original 

sample 

No. 



Potash 
(K,0). 



Phos- 

phoric 

acid 

(P«0»). 



Ltme 
(CaO). 



MagncsU 
(MgO). 



Minneaota— Contltinc 1. 
Dakota County 



Goodkoe County. 



Hennepin County . 
WabaBDa County.. 



Winona County.. 
Freeborn County. 



Mower County . . . 
Fillmore County . 
Wase<» County... 



Martin Coonty 

Watonwan County. 



NlcoUet County 

Sibley County 

Renville County 

Lyon County 

Lac qui Parle County . 



Big Stone County.. 
Kandiyohi County. 



Swift County. 



PolkC^-mty 

Ottertail County. 



Becker County.. 
Norman County. 



Kittson County 

Hubbard County.. 

Isanti County 

Sherburne County. 
Morrison County. . 
Itasca County , 



Beltrami County. 
Steams County.. 



Chisago County. 
Mississippi: a 

Ocean Springs... 



Sentobia 

McNeil Experiment Station. 



563 

557 

535 

513 

553 

521 

627 

616 

555 

577 

573 

572 

542 

515 

618 

503 

596 

507 

598 

592 

594 

567 

584 

586 

519 

533 

633 

505 

465 

561 

531 

606 

C07 

606 

523 

559 

511 

599 

568a 

502 

537 

624 

588 

590 

620 

609 

525 

551 

517 

632 

571 

612 

613 

614 

569 

611 

509 

579 

575 

540 

544 

548 

660 

fOO 

f02 

630 

529 

692 

691 

695 

1,489 



Percent. 
0.42 
.29 
.44 
.23 
.40 
.48 
.51 
.50 
.44 
.38 
.87 
.55 
.43 
.20 
.44 
.20 
.38 
.45 
.44 
.54 
.46 
.42 



.29 
.63 
.37 
.49 
.21 
.57 
.57 
.49 
.45 
.36 
.46 
.52 
.48 
.42 
.56 
.50 
.54 
.35 
.58 
.34 
.50 
.62 



.67 
.51 
.44 
.73 
.66 
.60 
.73 
L16 
.20 
.10 
.18 
.23 
.15 
.55 
.18 
.35 
.27 
.37 
.43 
.86 

.050 
.056 
.080 



.142 
.210 



Percent. 
a 19 
.16 
.16 
.36 
.17 
.16 
.20 
.20 
.14 
.16 
.13 
.17 
.23 
.31 
.22 
.38 
.15 
.26 
.18 
.27 
.25 
.18 
.29 
.22 
.11 
.19 
.32 
.48 
.22 
.11 
.15 
.19 
.19 
.24 
.20 
.16 
.32 
.24 
.19 
.39 
.20 
.20 
.14 
.18 
.21 
.24 
.16 
.19 
.16 
.14 
.16 
.34 
.32 
.16 
.19 
.04 
.23 
.11 
.14 
.11 
.07 
.13 
.14 
.10 
.09 
.21 
.30 

.027 
.015 
.004 
.270 
.028 
.017 



Percent. 

a41 
.33 
.46 
.58 
.64 
.09 
.70 
.66 
.49 
.50 
.69 
.48 
.42 
.64 
.41 
.49 
.43 
.52 

1.09 
.61 
.67 
.52 

2.86 

1.94 
.40 
.49 

3.22 
.58 
.70 
.93 
.81 
.40 
.77 

2.55 
.62 
.63 
.97 
.57 
14.00 

1.66 
.68 

1.42 
.72 

1.81 
.87 
.58 
.99 
.74 
.97 
.71 
.80 

4.60 

a 67 

1.10 

1.25 
.48 
.38 
.28 
.44 
.42 
.74 
.19 
.76 
.51 
.27 
.70 

L22 

.160 
.280 
.200 
1.560 
.220 
.170 



Percent. 

o.«o 

.34 
.25 



• This and following samples to and inclu ling 1489, Ann. Rpt. Miss. Agr. Emt. Sta., 1890; samples 
from McNeil Expt. Sta., Bui. 99, Miss. Agr. Expt Sta. ^ -,. , w,.^ k 
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CSbmioa/ eompontum of ike soiU ofthi UniUd 8UUe9, Great Britain and Brdand, France, 
and Germany y eU. — Contintied. 

CHEMICAL COMPOSITION OF THE 80IL8 OF THE UNITED STATES— Continued. 



State or Territory. 



Original 

sample 

No. 





Phoe- 




Potash 


phorio 


Lime 


(KtO). 


add 
(P.0»). 


(CaO). 


Percent. 


Percent. 


Percent. 


a54 


a 19 


4.16 


.48 


.27 


1.07 


.54 


.17 


14.67 


.34 


.18 


2.19 


.67 


,12 


6.06 


.65 


.14 


.77 


.45 


.19 


.41 


.45 


.25 


.96 


.35 


.19 


.32 


.45 


.27 


L25 


.44 


.33 


.83 


.60 


.88 


.80 


.73 


.40 


.86 


.54 


.38 


LOl 


.63 


.39 


.86 


.50 


.38 


LOS 


.22 


.37 


2.H) 


.18 


.31 


2.00 


.77 


.21 


L47 


.61 


.20 


.65 


.79 


.27 


L08 


.83 


.29 


L39 


.78 


.38 


L07 


.96 


.39 


L19 


1.03 


.06 


.23 


.10 


.27 


L40 


.03 


.03 


.34 


.16 


.32 


.63 


.00 


.02 


.65 


.12 


.00 


.75 


.28 


.34 


L85 


.26 


.34 


.76 


.11 


.01 


L60 


.47 


.05 


L60 


.24 


8.26 


.60 


.11 


.30 


L47 


.12 


.08 


.53 


.19 


.06 


.43 


.26 


.21 


.31 


.28 


.33 


.30 


.33 


.12 


.27 


.16 


.08 


.42 


.22 


.12 


.45 


.33 


.11 


.27 


.09 


.16 


.60 


.15 


.11 


3.61 


.44 


.16 


2.05 


.83 


.06 


1.21 


.81 


.07 


.76 


.18 


.23 


1.49 


.66 


.13 


.97 


.04 


.28 


.10 


.51 


.14 


L13 


.08 


.02 


.94 


.02 


.02 


2.01 


.39 


.47 


.75 


.02 


.04 


.82 


.47 


.63 


.40 


.29 


.31 


.60 


.11 


.40 


.46 


.11 


.25 


.60 


.51 


.54 


.40 


.17 


.12 


L18 


.23 


.21 


.64 


.19 


.13 


.65 


.47 


.22 


.56 


.23 


.26 


L86 


.33 


.25 


.89 


.33 


.14 


2.32 


.21 


.14 


5.15 



Magneei] 
(MgO). 



North Dakota:^ 

Red River Vailer (average 21 samples) 



James RiTer Valley (average 5 samples) . 
*"' VaUey (average 2 sampli 

Devils Lake re^on' (average 10 samples). 



Cheysnne River VaUey (average 2 samples) . 
Mome River Valley (average 4 samples). 



Turtle Mountains (average 8 samples). 
Wells CkHinty (average 2 samples) . . . 
Rolette County (average 7 samples) . 
West Missouri (average 2 samples) . . 
Station tern 



Mayrttle. Old.. 
MayvtUe, New . 
StatioD Plats... 



1 County 

Washington Coon ty . 



Wasco County 

Washington County. 



BentOQ County 

Polk County 

Washington County. 

Lincoln County 

Washington County. 
Lincoln County 



Lane County. . . . 

Linn County 

Doucias County 
Crook County 



Union Countv 

Washington County.. 
Marion County 



Baker County.. 
Polk County... 



Washington County. . 

Marion County 

Columbia County. .. . 

Lincoln County 

Wellington County. 



Lane County 

Polk County 

UmatUia County. 
Renton County... 
Jackson County.. 



422 
423 
424 
425 
426 
427 
428 



A 
B 
1 
2 
24 
25 

lA 
IB 
IC 
ID 
IE 
IF 
lO 
IH 
II 
IJ 
IK 
IL 
IM 
IN 
10 
IP 

\l 

IT 
lU 
IV 
IW 
IX 
lY 
IZ 



2A 

2B 
406 
407 
409 
424 
425 
426 
447 
448 
449 
2N 
623 
624 
454 
625 
408 
607 
612 
613 



PereenL 
a 81 
.57 
.98 
.51 
.61 
.47 
.28 
.14 
.43 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 
.08 
.07 
.72 
.23 
.34 
.50 
.44 
.68 

L13 

1.65 

1.71 

L18 

L41 

7.13 

.90 

.71 

1.78 

L06 

.55 

L27 

.82 

1.54 

.62 

.40 

.25 

.98 

2.04 

.52 

.27 

.21 

.42 

1.11 

.24 

.26 

.09 

.91 

L93 

.01 

.02 

.87 

.86 

.96 

.80 

.63 

.00 

.71 

.38 

L45 

.46 

.79 

.09 

.80 

.83 

.72 



•This and the fbllowing samples to and including Mayville, N. Dak., from Bui. 85, N. Dak. Agr. Bxpt. 
8^^(1899); »mple«A to 25, Ann. Rpt. N. Dak. A^. Expt. Sta., 1902^ 



»SainpleBlA to627, Bui 
X^»t. 8tar(1908). 



, Ong, Agr. Expt Sta. (1898) Monplee 2188 to 2542, Ann. Rpt. Oreg. Agr. 
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Chemical compontion of the soils of the UnUed Slates^ Great Britain and Ireland, France, 
and Germany, «tc.— Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— Continued. 



State or Territory. 


Original 

sample 

No. 


Potash 
(K,0). 


Phos- 
phoric 
add 
(Pt0»). 


Lime 
(CaO). 


Magnesia 
(MgO). 


Oregon— Continued. 

Josephine County 




PereenL 


PereenL 


PereenL 


PereenL 


616 


0.19 


0.21 


2.49 


0.46 




615^ 


.27 


.23 


3.49 


.43 


Linn County 


643 
644 


.39 
.12 


.40 
.28 


.50 
1.41 


.71 


Wasoo County 


1.10 


Marlon County 


636 


.12 


.29 


.95 


.63 




622 


.46 


.07 


Trace. 


.05 


Multnomah County 


629 


.26 


.40 


L27 


1.23 


Josephine County 


616 


1.86 


.06 


3.11 


3.36 


Douglas County 


618 


1.27 


.28 


.13 


.08 


Wasoo County 


762 


.31 


.22 


.82 


.15 




763 


.20 


.26 


.38 


.34 




764 


.41 


.83 


.84 


.24 


Coos County 


765 


.20 


.11 


.62 


.16 




. 766 


.29 


.38 


-.41 


.60 


Benton County 


410 


.06 


.03 


.66 


.00 




411 


.21 


.34 


.46 


.06 


Marlon County 


628 


.48 


.19 


.32 


.60 




628) 


.52 


.22 


.34 


.33 


Yamhm County 


768 


.26 


.23 


.63 


.63 




769 


.38 


.76 


.43 


.63 


Marion County 


619 


.60 


.36 


.36 


.22 




619i 


.62 


.30 


.00 


.38 


Josephine County 


617 


.31 


.05 


.28 


.35 




(22 


.30 


.00 


.72 


.33 


Mari<Mi County. 


627 
2382 
2383 
2407 
2410 
2425 
2448 
2449 
2450 
2540 


.38 


Trace. 
.88 
.16 
.23 
.17 
.11 
.21 
.24 
.20 
.26 


.71 


.91 
















.12" 

.15 
.06 
.19 
.18 
.22 
.26 


.36" 

.24 
14.36 
.40 
.33 
.41 
1.60 


























.m" 




2.'>41 


.26 


.39 


6.63 


3.19 




2542 


.37 


.36 


1.26 


.86 


Washington A 


5 


.636 


■ 142 


1.061 


.727 




11 


.331 


Trace. 


L512 


L527 




16 


.630 


.139 


1.180 


.733 




17 


.432 


.100 


L212 


.788 




19 


.202 


.038 


.655 


Trace. 




20 


.007 


.054 


.769 


.426 




31 


.136 


.813 


.379 


.036 




22 


.112 


.079 


1.112 


.031 




26 


.590 


.363 


.362 


.281 




26 


.233 


.196 


.397 


.031 




27 


.016 


.140 


.109 


.022 




28 


.277 


.300 


.062 


.065 




29 


.448 


.345 


.781 


.122 




31 


.650 


.543 


.431 


.033 




32 


.012 


.311^ 


.130 


.038 




33 


.047 


.399 


.398 


.01 J 




34 


.120 


.172 


.675 


.116 




39 


.274 


.166 


.979 


.015 




40 


.058 


.169 


1.758 


.647 




41 


.442 


.191 


.930 


.362 


Spokane County 


30 


.436 


265 


604 


430 




114 


.374 


.096 


.644 


.297 




119 


.663 


.070 


.874 


.073 




120 


.661 


.096 


.906 


.271 


Jefferson County 


43 


.019 


.109 


.164 


.335 




43 


.022 


.065 


.679 


.036 




175 


.064 


.089 


.219 


.312 


San Juan County 


44 


.00 


.106 


1 468 


.150 




46 


.00 


.366 


.538 


.433 




46 


.00 


.273 


.448 


.223 


Okanogan County 


71 


341 


112 


2 064 


018 




74 


.347 


!288 


4.679 


.061 




76 


.006 


.096 


.714 


.OU 




77 


.019 


.113 


.614 


.037 


Whitman County 


5 


.636 


.142 


1.061 






72 


.471 


.961 


.456 


.266 




73 


.322 


.121 


.333 


.283 



• Bui. 13, 23, and 55, Wash. Agr. Exp. Sta. 
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chemical compotiHon of the soiU of the United States, Great Britain and Ireland, France, 
and Germany, etc. — Continued. 

CHBinCAL COMPOSITION OF THE 80IL8 OF THE UNITED STATES— Continnad. 



State or Territory. 



W ashlngton— ContiDind . 
Whatcom County 



Skagit County., 



Takima County. .. 

King County 

Thurston County.. 
Snoh(»nish County 



ClaUam County 

Spokane County 

Okanoiui County 

Walla Walla County 

Franklin County 

Kltaap County 

Ezperiment Station Farm 

Thurston County 

Pierce County , 

Snohomish County 

King County 

Utah: a 

College Farm 

Oaohe Valley, south end .. . 



Cadie Valley, west side, south haU. 



Original 

sample 

NoT 



76 
78 
79 
139 
140 
141 
143 
82 
83 
84 
86 
86 
100 
101 
01 
92 
03 
04 
187 
102 
120 
170 
176 
108 
177 
105 
122 
111 
102 
87 
111 
128 
116 
106 
100 
218 
280 
200 
201 
202 
203 
204 
80 
81 
134 
136 
106 
373 
374 
375 
376 
378 
184 
102 
231 
37 
219 
220 
212 
221 
200 

00 
03 
2067 
2074 
2162 
3070 
3070 
2062 
3068 
3065 
3071 
2073 



Potash 
(KtO). 



Percent. 
a006 
.142 
.021 
.316 
.483 
.275 
.810 
.111 
.057 
.006 
.014 
.120 
.186 
.028 
.180 
.149 
.310 
.047 
.466 
.004 
.057 
.142 
.076 
.061 
.218 
.145 
.625 
.154 
.835 
.003 
.154 
.171 
.560 
.534 
.385 
.147 
.378 
.465 
.485 
.440 
.437 
.303 
.065 
Trace. 
.111 
.054 
.003 
.107 
.120 
.117 
.092 
.020 
.188 
.004 
.189 
.003 
.181 
.144 
.146 
.150 
.087 

.046 
.051 

1.04 
.62 

1.15 
.74 

1.48 
.60 
.77 
.76 

1.84 

1.60 



Phos- 
phoric 
acid 
(PtO»). 



Percent. 
a294 
.285 
.067 
.180 
.084 
.144 
.265 
.069 
.070 
.045 
.144 
.307 
.304 
.206 
.128 
.174 
.141 
.153 
.020 
.057 
.070 
.390 
.320 
.176 
.237 
.067 
.344 
.240 
.137 
.205 
.240 
.115 
.154 
.216 
.190 
.245 
.320 
.287 
.351 
.320 
.351 
.325 
.048 
.019 
Trsoe. 
.045 
.029 
.177 
.136 
.192 
.135 
.336 
.312 
.068 
.297 
.206 
.192 
.409 
.217 
.307 
.150 

.115 
.108 
.18 
.18 



.24 
.30 
.24 
.19 
.24 
.31 
.27 



Lime 
(CaO). 



Percent. 
a324 
.409 
.359 
1.234 
1.044 
1.326 
.891 
1.040 



.891 

L081 

.474 

.518 

2.389 

.909 

1.260 

1.460 

1.154 

.389 

.599 

.404 

.506 

.414 

.704 

.564 

1.214 

.634 

.333 

.569 

.535 

.834 

.432 

.630 

.600 

27.540 

1.200 

1.450 

1.350 

1.560 

1.050 

1.300 

1.971 

.308 

.659 

.534 

1.296 

.150 

.175 

.005 

.010 

.220 



.460 
.569 
.940 
.760 
1.140 
.530 
.410 

3.45 
8.08 
.83 
.60 
.60 
.86 
1.66 
2.10 
.84 
.85 
1.00 
1.01 



Magnesia 
(MgO). 



Percent. 
a546 
.000 
.151 
.454 
.112 
.000 
.014 
.009 
.005 
.005 
.007 
.006 
Trace. 
.018 
.092 
.068 
.364 
.421 
.013 



.216 
.189 
.235 
.018 
.323 
.357 
.209 



.054 



.450 
.306 
.036 
.054 
.605 
.400 
.399 
.345 
1.003 
.299 
.362 
.018 
.281 
.032 
.086 
.476 
.010 
.148 
.109 
.091 
.001 
.048 
.661 
.112 
.048 



.001 



.016 

2.29 
3.62 
.60 
.65 
.49 
.67 
2.42 
.56 
.65 
.64 
.96 
.72 



• Ann. Rep. Utah Agr. Bxpt. Sta. (1891); Bui. 52. Utah Agr. Expt Si 
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REPORT OP NATIONAL CX)NSERVATION COMMISSION. 



Chemieal eomposUian oftkesoUs of the United Statee, Great Britain and Ireland, Pranee, 
and Oermany, etc, — Continued. 

CHEMICAL COMPOSITION OF THE BOILS OF THE UNITED STATRS-Conttnned. 



State or Territory. 


Original 

sample 

No. 


Potash 
(K.0). 


Phos- 
phoric 
acid 


Lime 
(CaO). 


Ma^esia 
(MgO). 






(PfO.). 










Percent. 


Percent. 


Percent. 


Percent. 


Caobe Valley, west tide, south half 


2163 


1.43 


0.27 


1.25 


86 




2160 


L34 


.25 


1.28 


1.16 




2166 


1.09 


.42 


1.65 


.51 


Cache Valley, west side, north half 


2061 


.47 


.14 


.46 


.21 




2078 


.67 


.18 


.99 


.67 




2063 


.68 


.16 


.67 


.33 




2064 


.71 


.20 


.69 


.49 




2081 


1.37 


.29 


1.31 


.50 




2065 


1.51 


.25 


.06 


.89 


Cache Valley, north eod 


2169 


1.18 


.15 


1.85 


.88 




2167 


1.56 


.30 


3.14 


.67 




2067 


.50 


.25 


.67 


.13 


Oiche VaUey, east side 


2065 


1.16 


.20 


1.68 


.54 




90 


.05 


.12 


3.45 


2.29 




93 


.05 


.10 


3.06 


2.52 




2050 


1.39 


.18 


2.22 


1.47 


Middle Cache Valley 


2172 


1.05 


.21 


7.35 


1.37 




2046 


.53 


.20 


1.50 


.21 




2047 


.50 


.25 


2.43 


.58 




2048 


.60 


.18 


.60 


.73 




2049 


.30 


.18 


.54 


.33 




2060 


.44 


.20 


.66 


.41 




2061 


.90 


.25 


1.24 


1.52 


" 


2062 


.31 


.18 


.17 


.62 




2063 


.36 


.15 


.22 


.47 




2064 


.69 


.13 


.09 


6.39 




2083 


.20 


.26 


1.11 


8.36 


Sanpete Valley 


1819 


.27 


.16 


.37 


.13 




1818 


.68 


.21 


9.81 


.73 




1817 


.72 


.11 


10.65 


.07 




1816 


.80 


.22 


13.09 


.84 




1821 


.51 


.17 


22.54 


L29 




1824 


.65 


.16 


17.35 


.29 




1826 


.95 


.20 


14.89 


.42 




1827 


1.24 


.24 


13.16 


.26 




1806 


.58 


.17 


9.91 


L40 




1807 


.67 


.18 


9.53 


1.68 




1809 


1.03 


.19 


14.01 


L20 




1805 


.68 


.14 


12.84 


.71 




1806 


.95 


.16 


22.05 


.85 




1825 


.81 


.17 


13.17 


1.80 




1811 


.75 


.23 


13.99 


.46 




1812 


.60 


.20 


18.24 


.69 




1813 


1.25 


.16 


13.76 


.75 




1814 


.96 


.12 


13.17 


.29 


Wyoming: • 












Laramie Experimeot Farm 


5 


.66 


.15 


1.47 


.14 




7 


.64 


.14 


.82 


.76 


Lander Experiment Farm 


37 


.68 


.15 


.64 


1.36 




51 


.61 


.20 


6.63 


1.65 


Saratoga Experiment Farm 


19 


.64 


.12 


3.41 


.95 




43 


.73 


.13 


.74 


L15 


Sheridan Experiment Farm 


33 
27 
21 

1 
2 


.52 

.68 

.63 

.120 

.180 


.28 

.18 

.14 

.040 

.074 


.69 
.4.97 
.87 
.068 
.060 


.94 


Sundance Experiment Farm 


3.21 


Wheatland Experiment 1* arm 


.85 


Tennessee^ 


.140 




. .213 




3 


..330 


.104 


.180 


.342 




4 


.312 


.057 


.163 


.465 




6 


.092 


.021 


.050 


.065 




7 


.403 


.017 


.078 


.291 




6 


.340 


.022 


.100 


.265 




8 


.218 


.010 


.100 


.090 




9 


.410 


.158 


.610 


.290 




10 


.393 


.078 


.278 


.365 




11 


.285 


.020 


.093 


.157 




12 


.378 


.026 


.132 


.184 




13 


.409 


.060 


.212 


.270 




14 


.380 


.071 


.205 


.246 




15 


.416 


.113 


.199 


.290 


Greene Coonty 




.092 
.181 


.021 
.074 


.000 
.060 


.065 


KnoxCoimty 




.213 






.120 


.040 


.063 


.140 


Qmndy Coonty 




.403 


.017 


.073 


.291 



• Bui. 6, Wyo. Agr. Expt. Sta. 



» Bui. 3, Tenn. Agr. E«pt. Sta. j 
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Ckemieal composUion of the «ai/< of the United States, Great Britain and Ireletnd, Franeg^ 
and Germany y e/c.— Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-CoDttnued. 



Btate or Territory. 


Oridnal 

sample 

No. 


Potash 
(K,0). 


Phoa. 

phorlc 

acid 


Lime 
(CaO). 


Macnesla 
(MgO). 






(PiO*). 










Per cent. 


Percent. 


Percent. 


Percent, 


Franklin County 




a340 


0.022 


aioo 


a26ft 


Monroe County 




.312 


.057 


.lt3 


.466 


London County 




.380 


.104 


.180 


.342 


Dyer Coonty 




.416 


.113 


.199 


.290 


Oibson County 




.409 
.218 
.285 


.069 
.010 
.020 


.212 
.100 
.093 


.270 


Coffee County 





.090 


Benton County 




.167 


Carroll County 




.378 
.380 


.026 
.071 


.1S2 
.206 


.184 


1- ayette Coun ty 




.2<6 


Maury County 




.410 


.1£8 


.510 


.290 


KoL>ertson County 




.393 
.64 


.078 
.36 


.278 
.63 


'35 


New U ampshira o 


i' 


.62 




3i 
3a 


1.06 
1.06 


.16 
.09 


.63 
.76 






.'53' 




5i 


.91 


.08 


.73 


.74 




5t 


.97 


.05 


.77 


.68 


New York* 


E 
D 


.95 

.89 


.115 
.093 


.60 
.62 


1 02 




.86 




L)« 


.98 


.1^4 


.68 


1.94 




y > 


L04 


.117 


.70 


1.04 


ICissourie 


la 
lb 


1.32 
1.23 


.08 
.09 


.63 
.65 


44 




.38 




2a 


2.05 


.07 


.50 


.<6 




2b 


L90 


.07 


.60 


.45 




3a 


L46 


.06 


.47 


.29 




3b 


L45 


.06 


.42 


.21 




4 


L72 


.08 


.62 


.34 


Neradatf 


2 


.364 


.125 


7.492 


8.031 




3 


.16 


.040 


9! 580 


2.332 




4 


.128 


.019 


2.801 


.574 




11 


.488 


.210 


9.056 


a. 776 




12 


.364 


.126 


7.492 


3.031 




13 


.616 


.030 


L990 


1.339 




14 


.470 


.104 


11.549 


2.810 




15 


.628 


.178 


17.831 


8.404 


Nevada* 


1 


.313 


.479 


L86 


1.03 




2 


.306 


.291 


7.716 


1.570 




3 


.016 


.040 


9.580 


2.332 




4 


.302 


.167 


2.447 


1.403 




5 


.457 


.223 


7.223 


1.283 




6 


.227 


.163 


1.503 


.too 




7 


.128 


.019 


2.801 


.574 




8 


3,34 


.215 


1.407 


1.314 




9 


.277 


2.292 


1.900 


1.521 




10 


.682 


.190 


2.001 


1.470 




1501 


.81 


.35 


2.50 


1.18 




1503 


L12 


.85 


2.90 


.23 




1504 


L03 


.32 


5.00 


.17 




1523 


L79 


.30 


4.15 


.23 




1533 


.68 


.41 


.80 


4.14 




1534 


1.05 


.26 


5.15 


.22 




1508 


.51 


.45 


4.35 


L29 




1509 


.97 


.73 


2.70 


.21 




1510 


.73 


.27 


3.30 


1.09 




1511 


.42 


.19 


2.45 


1.08 




1512 


.91 


.28 


2.20 


.26 




1613 


.42 


.38 


L85 


Tracp. 




1514 


.92 


.79 


2.30 


.18 




1515 


.54 


.38 


3.90 


1.55 




1518 


.43 


.19 


12.00 


2.34 




1519 


.32 


.35 


7.99 


1.U7 




1520 


.42 


.32 


2.40 


1.10 




1521 


Trace. 


.30 


1.55 


.96 




1523 


Trace. 


.26 


14.65 


1.81 




1533 


.72 


.26 


12.50 


6.10 




1534 


.45 


.35 


8.10 


2.02 




1545 


.46 


.56 


1.60 


L06 




1546 


.32 


.26 


L20 


.45 




1547 




.38 


1.85 


.46 




1548 


.82* 


.26 


1.20 


.46 




1549 


.40 


• 38 


1.48 


.84 



• Ann. Kept N. H. Agr. Expt Sta, (1893). 

• Ann. Rept. N. Y. Agr. Expt. Sta. (1889). 
« Bui. 6, Mo. Agr. Expt. Sta. 

4 Bul . 19. Neveida Agr. Expt . 8U. 

• Bul. 39. Nevada Agr. Expt. SU.; Ann. Rept. Nevada Agr. Expt. Sta. (1890). 
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Chemical compoiiium of the wiU of the United States, Cheat Britain andJMand, Pnrnetf 
and Oermanyy «tc.— Continued. 

GHEinCAL COMPOSmON OF THE SOILS OF THE UNITED STATB&-CoQtlniMd. 



State or Territory. 


Original 


Potash 
(KK)). 


Phos- 
phoric 
acid 
(P«0»). 


Lime 
(CaO). 


oSoT 






Percent. 


Percent. 


Percent 


Percent. 


West Virginia a 


12 


0.243 


0.163 


0.104 






13 
14 
16 


.603 
.806 
.403 


.121 
.167 
.105 


.335 
.451 
.181 














16 
17 


.708 
.481 


.103 
.088 


.062 
.056 










40 


.260 


.115 


.061 






47 


.616 


.185 


.404 






48 
49 
60 
61 
63 


.460 
.781 
.888 
.401 
.479 


.184 
.095 
.121 
.093 
.211 


.116 

.OM 

.076 

.11 

.061 




















Ohio:* 




East farm, Wooster 


840 
844 


.26 
.24 


.07 
.081 


.35 
.30 


030 




.43 




830 


.20 


.06 


.27 


.48 




834 


.28 


.08 


.29 


.28 




800 


.15 


.064 


.21 


.43 




804 


.15 


.061 


.26 


.43 




810 


.16 


.101 


.37 


.42 




814 


.14 


.089 


.23 


.42 




820 


.16 


.11 


.26 


.40 




824 


.19 


.129 


.33 


.40 




860 


.20 


.07 


.32 


.28 




862 


.27 


.079 


.20 


.36 




864 


.26 


.06 


.24 


.44 




866 


.24 


.099 


.28 


.87 




868 


.20 


.118 


.25 


.43 




860 


.28 


.06 


.30 


.36 


South farm, Wooster 


872 
876 


.28 
.27 


.161 
.118 


.225 
.187 


.368 




.375 




8«2 


.39 


.167 


.24 


.45 




866 


.29 


.191 


.20 


.39 




868 


.84 


.166 


.206 


.358 


University (arm, Columbus 


1 


.64 


.12 


.64 


.76 




4 


.63 


.20 


.60 


.62 




7 


.62 


.12 


.60 


.71 




10 


.55 


.17 


.46 


.64 




13 


.60 


.16 


.46 


.61 




16 


.63 


.10 


.63 


.68 




10 


.62 


.11 


.66 


.62 




22 


.43 


.12 


.45 


.40 


Test farm, StrongvUle 


1862 


.18 


.097 


.20 


.44 




1864 


.26 


.064 


.16 


.31 




1868 


.22 


.121 


.10 


.W 


Test (arm. StromrvlUe 


1874 
1880 


.21 
.20 


.099 
.08 


.19 
.23 


.84 


^ ^^mrw • «^ ^^f ** ^* ^r**^ t mmrn^^ • • ••••••••••••••••••••-•••• 


.40 




1884 


.25 


.12 


.28 


.40 




1810 


.23 


.197 


.19 


.42 




1820 


.19 


.161 


.18 


.56 




1826 


.19 


.118 


.27 


.461 




1832 


.28 


.227 


.80 


.67 




1838 


.20 


.126 


.364 


.44 




1844 


.11 


.126 


.23 


.54 




1846 


.15 


.121 


.22 


.50 


- Northwest test farm . Neapolls 


1802 
1806 


.50 
.50 


.11 
.16 


.11 
.49 


.(» 




.18 




1803 


.60 


.10 


.80 


.14 




1807 


.60 


.12 


.41 


.15 




1786 


.046 


.120 


.07 


.10 




1792 


.060 


.130 


.81 


.14 




1787 


.040 


.110 


.07 


.11 




1793 


.090 


.120 


.22 


.15 


Germantown 


4263 
4266 


.142 
.193 


.102 
.124 


.11 
.18 


.31 


Carpenter test farm 


.33 




4267 


.181 


.101 


.18 


.3J 


Wooster experiment (arm, first 12 inches 




.25 


.80 


.313 


.356 


StrongvlUe, first 12 Inches 




.251 


.146 


.206 


.474 


Columbas. 0. B. U., first 12 inches 




.663 
.043 


.143 
.116 


.621 
.070 


.62:^ 


Neapoils, first 12 Inches 




.1(6 



• Bui. 28 and 99, W. Va. Agr. Expt. Sta. 



* Bui. llu and 160, Ohio Agr. Expt. Sta. 
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Ckmical compotUum of the $oiU of the United States, Qreat Britain and Jrdand, France, 
and Germany, etc, — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— Contlntwd. 



State or Territory. 



OriglDAl 

sample 

No. 





Phos- 




Potash 


phoric 


Lfane 


(KiO). 


add 
(P«0»). 


(CaO). 


Percent. 


Percent. 


Percent. 


0.44 


0.06 


0.96 


.80 


.04 


.44 


.32 


• .06 


.76 


.02 


.101 


.61 


.«7 


.265 


.41 


.23 


.22 


.32 


.02 


.02 


.07 


.22 


.11 


.77 


.IW 


.556 


.270 


.166 


.475 


.350 


.142 


.057 


.027 


.090 


.066 


.037 


.100 


.011 


.045 


.171 


.044 


.019 


.080 


.107 


.022 


.080 


.022 


.046 


.052 


.034 


.025 


.OSO 


.087 


.062 


.040 


.051 


.028 


.541 


.155 


.188 


.156 


.127 


.569 


.176 


.106 


.448 


.124 


.029 


.410 


.184 


.002 


L295 


.136 


.067 


.273 


.164 


.099 


.252 


.126 


.120 


.406 


L21 


.37 


.08 


.10 


.08 


.10 


.08 


.08 


.12 


.14 


.03 


.09 


.16 


.05 


.13 


.23 


.04 


.16 


.28 


.09 


.17 


.88 


.06 


.12 


.28 


.10 


.04 


.08 


.01 


.09 


.20 


.00 


.11 


.26 


.08 


.12 


.00 


.03 


.08 


.85 


.10 


.82 


.86 


.07 


.17 


.43 


.07 


.22 


.26 


.09 


.10 


.68 


.07 


.31 


.18 


.07 


.06 


.18 


.07 


.10 


.21 


.17 


.12 


.24 


.08 


.12 


.36 


.16 


.30 


.41 


.18 


.38 


.34 


.09 


.20 


.18 


.16 


.18 


.18 


.11 


.16 


.30 


.09 


.26 


.62 


.18 


.17 


.91 


.09 


.73 


.45 


.12 


.43 


.41 


.09 


.41 


.06 


.03 


.10 


.18 


.06 


.06 


.06 


.02 


.04 


.06 


.03 


.04 


.23 


.07 


.23 


.Zi 


.00 


.21 


.27 


.10 


.16 


.34 


.04 


.14 



Magnesia 
(MgO). 



Virgin sou. Statute iarm 

ViijInsoU 

VifrinaoQ 

FBDOSTlTanla:* 

Donegal 

Reeky Springs 

Connectlcat,* New MilXord 

North Csrolina, » QranvUle County . . 

Sumatra,* gray soil 

Coba:e 

San Antonio 

Z<^iUa 

South Carottna,^ Spartanburg farm . 



Cotnmbia farm. . 



Darlington {^irm. 



Big River 

Rhode Island: « 

Kington plain 

Kingston upland . . 

Warwick 

Ume Roclc 

Block Island 

Middletown 

East ProYidonoe... 
Toinessee:/ 

Hamblen County.. 



Knox County. 



Hamblen County . . 

Knox County 

McMfam County... 
Hamblen County.. 

Knox County 



I County. 
Knox County 



McMlnn County 

Roane County 

Washington county . 
Anderson County.... 
Hamblen County — 
Knox County 



Roane County 

Blount County.... 
Hamblen County.. 
Knox County 



Camberiand County.. 



Cumberland County. 

Coflee County 

FranUn County 



•Bui. No. 5, Okla. Agr. Expt. Sta. 
»Ann. Rep. Pa. Agr. Expt. Sta. (1894). 
«Ann. Rep. Pa. Agr. Expt. SU. (1901). 



58 

66 

606 

31 

48 

64 

25 

172 

60 

66 

32 

602 

606 

51 

57 

29 

821 

174 

595 

607 

129 

49 

600 

603 

30 

37 

553 

803 

35 

63 

26 

612 

605 

746 

67 

68 

750 

39 

665 

666 



Percent. 
a 21 
.16 
.18 

1.26 
2.05 
.78 
.08 
.87 

.190 
.210 
.061 
.048 
.110 
.040 
.072 
.124 
.043 
.047 
.003 
.811 

.209 
.264 
.280 
L141 
.209 
.368 
.866 

.13 
.12 
.22 
.11 
.20 
.17 
.15 
.37 
.13 
.11 
.10 
.22 
.15 
.42 
.25 
.24 
.30 
.53 
.12 
.18 
.19 
.24 
.29 
.73 
.35 
.31 
.22 
.33 
.56 
.96 
.48 
.62 
.10 
.27 
.14 
.16 
.21 
.30 
.23 
.27 



tf Ann. Rep. S. C. Agr. Expt. Sta. (1880). 
• Bui. 28, K. I. Agr. Expt. Sta. 
/ Bui. 3, Tenn. Agr. Expt. Sta. 

Digitized by VjOOQIC 
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Chemical oompoeUion of the 9oil$ of the United State$, Qreat Britain and Ireland, France, 
and Germany, «te.— Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-Conttnued. 



Slate or Territory. 



Ttnnessefr— Continoed. 
Humphreys County . 
Lawrenot County . . . 

Montgomery County 
Stewart County 

White County 

Coffee County 

Dickson County 

Houston County 

Lewis County 

Putnam County 

Warren County 

Bedford County 



Davidson County. 
Lincoln County... 
Marshall County.. 



Rutherford County. 

Smith County 

Sumner County 



WiUlamaon County.. 
Carroll County 



Cliester County., 

Dver County 

Oibaon County.. 



Hardeman County.. 
Henderson County. 

Henry County 

Madison County — 
McNairy County... 

Obion County 

Weakley County. . . 



Blount County. 
Giles County... 



Roane County 

White C^wmty 

Montgomery County . 



Maury County... 
Sumner County . 



Original 

sample 

No. ^ 


Potash 


Phos. 
phoric 


Lime 


Magnesia 


(K,0). 


acid 


(CaO). 


(MgO). 




(P«Oft). 








Percent. 


Percent. 


Percent. 


Percent. 


£02 


a23 


0.05 


ai3 


0.26 


560 


.16 


.06 


.06 


.21 


570 


.28 


.06 


.06 


.31 


742 


.22 


.05 


.14 


.33 


581 


.15 


.05 


.12 


.18 


583 


.17 


.61 


.15 


.18 


671 


.20 


.06 


.14 


.16 


574 


.22 


.07 


.13 


.40 


563 


.21 


.07 


.09 


.28 


564 


.32 


.05 


.14 


.34 


867 


.00 


.04 


.14 


.15 


501 


.16 


.03 


.06 


.24 


580 


.10 


.03 


.10 


.15 


500 


.31 


.02 


.02 


.49 


585 


.15 


.03 


.10 


.19 


58b 


.12 


.03 


.04 


.24 


583 


.15 


.06 


.00 


.18 


570 


.13 


.00 


.34 


.16 


587 


.18 


.02 


.06 


.17 


588 


.26 


.04 


.03 


.35 


843 


.07 


.03 


.06 


.11 


806 


.14 


.04 


.09 


.14 


576 


.06 


.01 


.07 


.13 


580 


.11 


.01 


.07 


.13 


761 


.28 


.14 


.00 


.37 


615 


.17 


.06 


.28 


.19 


616 


.16 


.06 


.26 


.21 


572 


.33 


.12 


.34 


.33 


573 


.40 


.06 


.31 


.42 


577 


.46 


.19 


.67 


.44 


578 


.19 


.06 


.06 


.19 


747 


.26 


.16 


.14 


.34 


748 


.30 


.11 


.10 


.27 


170 


.32 


.26 


.30 


.32 


171 


.42 


.17 


.18 


.40 


175 


.43 


.14 


.56 


' .36 


176 


.43 


.15 


.61 


.34 


617 


.70 


.06 


.46 


.79 


42 


.44 


.31 


.31 


.53 


561 


.10 


.32 


.20 


.30 


633 


.26 


.26 


.17 


.38 


660 


.33 


.27 


.27 


.36 


635 


.20 


.06 


.22 


.23 


822 


.22 


.21 


.17 


.21 


634 


.24 


.20 


.23 


.26 


160 


.33 


.26 


.38 


.28 


161 


.20 


.26 


.20 


.38 


567 


.33 


.32 


.20 


.32 


568 


.50 


.97 


.18 


.23 


C(i2 


.21 


.07 


.16 


.21 


6<il 


.32 


.06 


.10 


.41 


650 


.20 


.11 


.19 


.21 


664 


.24 


.06 


.16 


.25 


158 


.21 


.06 


.16 


.25 


150 


.20 


.06 


.11 


.37 


068 


.23 


.06 


. .23 


.23 


670 


.36 


.09 


.22 


.33 


658 


.23 


.07 


.16 


.21 


663 


.23 


.07 


.16 


.21 


749 


.31 


.09 


.09 


.43 


671 


.20 


.06 


.11 


.19 


669 


.28 


.09 


.39 


.42 


666 


.23 


.07 


.20 


.24 


C65 


.34 


.06 


.11 


.40 


667 


.28 


.06 


.16 


.36 


135 


.76 


.24 


.24 


.53 


576 


.34 


.63 


.38 


.34 


584 


.42 


.70 


2.36 


.35 


594 


.00 


.04 


.00 


.23 


883 


.22 


.07 


.13 


.23 


871 


.20 


.05 


.15 


.23 


874 


.38 


.16 


.25 


.38 


885 


.31 


.21 


.29 


.35 


873 


40 


.38 


.43 


.39 
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Gmmral composition of the $oils of the United States, Oreat Britain and Ireland, France, 
and Germany, «te.— Continued. 

CHBIUCAL COMPOSITION OF THE SOILS OF THE UNITED 8TATE8--Gontlnued. 



State or Territory. 


Original 

sample 

No. 


Potash 
(ICO). 


Phoe- 

phoric 

acid 

(P«0.). 


Lbne 
(CaO). 


MagnesU 
(MgO). 


"-ffiS. 




Percent. 


Percent. 


Percent. 


Percent. 


2007 
2608 


a 15 

.20 


0.41 
.53 


0.37 
.48 


a 76 




.41 




2600 


.20 


.21 


.80 


.30 




2700 


.12 


.21 


.54 


.27 




2701 


.44 


.34 


.32 


.13 




2702 


.30 


.18 


.45 


.13 


Habbaid 


2007 
2095 
2096 
2513 


.06 
.14 
.30 
.19 


.24 
.38 
.40 
.24 


.28 
.31 
.45 
.71 














.'so' 




2525 


.21 


.19 


.66 


.87 




2530 


.20 


.26 


.78 


.85 




2554 


.28 


.14 


1.11 


.56 




2501 


.10 


.45 


.94 


.48 




2502 


.18 


.23 


.29 


.11 




2616 


.51 


.20 


1.26 


.90 




2817 


.30 


.22 


.84 


1.27 




2618 


.13 


.20 


1.22 


.79 




2610 


.25 


.21 


1.98 


1.31 




2821 


.17 


.19 


1.09 


.71 




2827 


.10 


.12 


1.18 


.29 




2623 


1.16 


.23 


1.92 


X.00 


• • 


2635 


.10 


.38 


.54 


.33 




2637 


.17 


.31 


.48 


.46 




2638 


.16 


.39 


.67 


.30 




2644 


.26 


.20 


.76 


.73 




2640 


.12 


.41 


.67 


.28 




2660 


.16 


.34 


.94 


.29 




2656 


.00 


.16 


.55 


.60 




3658 


.10 


.38 


2.89 


.60 




2680 


.18 


.36 


.50 


.18 




2000 


.28 


.26 


1.44 


.55 




2691 


.43 


.30 


.91 


.80 




2710 


.43 


.43 


.53 


.00 




2751 


.43 


.18 


.45 


.00 




2764 


.37 


.31 


1.40 


.95 




2768 


.38 


.38 


.24 


.79 




2781 


.34 


.89 


.31 


.91 






.39 


.22 


.67 


.80 




2841 


.13 


.14 


.85 


.48 




2843 


.38 


.25 


.77 


.44 




2844 


.27 


.34 


.91 


.35 




2847 


.44 


.25 


.74 


.58 




2848 


.14 


.24 


.43 


.35 




2854 


.26 


.16 


.88 


.46 




2855 


.52 


.39 


.60 


.67 




2869 


.31 


.25 


.68 


.76 




2921 


.97 


.24 


1.35 


1.24 


Bcaverdaxn sons 


I 
2 


.14 
.28 


.20 
.31 


1.09 
.26 


.22 




.06 




3 


.13 


.22 


.47 


.10 




4 


.10 


2.30 


.92 


.33 




5 


.20 


.21 


1.18 


.25 


Xorth Carolina:* 












Ox^Hd 




.161 
.829 


.16 

.249 
.108 


' .240 

7.7C8 
.320 


.047 


WashincUNi:e 

Sbokaoe Countv 


564 


3 891 
.112 


^'g^^^^i^mmm^^ \„^^\mmMwj »««•••««••••*•••••••••■•■«••*,««« 


641 


!438 




642 


.304 


.157 


.331 


Trace. 




643 
1030 

77 


.356 
.380 
.492 


.300 
.185 
.122 


.524 
.618 
.741 
.741 








Stevens County 


.'iso 

.239 




78 


.225 


.048 




161 


.074 


.083 


.400 


.234 




342 


.162 


.280 


.350 


.175 




435 


.193 


.400 


.506 


.374 




436 


.229 


.343 


.404 


.602 




655 


.412 


.217 


.640 


1.218 




6^ 


.320 


.089 


.500 


.469 




673 


.336 


.192 


.499 


.515 




1103 


.099 


.082 


36.009 


.684 



« .\nn. Rep. Oregon \%r. Expt. Sta. (1905); Bradloy Jour. Am. Chem. Soc., 98, 64 (1906). 

. 90, N. C. Agr. Expt. Sta. 
cBul 85, Wash. Agr. Expt. Sta.; Dul. 10, Div. of Chemistry, U. S. Dept. Agr., 1880. 



»Bul. 
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Chemical composition of the soUs of the United States^ Great Britain and Ireland, Francty 
ondGermanyj etc. — Continued. 

CHEMICAL COMPOSITION OP THE SOILS OF THE UNITED STATES— Continued. 



State or Territory. 



Washington— Continued. 
Ferry County 

Okanogan County . . . 
Chelan County 

Lincoln County 

Douglas County 

Adams County 

Whitman County. . . 

Garfield County 

Asotin County 

Walla Walla County 

Cohimbla County. . . 
Benton County 



Yakima County 

Kittitas County 

Kllckltot County.... 

Skamania County. . . 
Clarke County 

Wahkiakum County. 

Lewis County 

Chehalis County 

Mason County 



San Juan County., 



Original 
sample 

Na. 



446 
1872 
1873 
789 
790 
158 
676 
1885 
1886 
741 
742 
1890 
868 
1024 
1241 
1242 
1416 
1699 
1837 
1888 
1134 
1133 
1420 
1431 
1432 
1608 
1842 
1845 
1846 
1185 
1411 
1412 
142 
708 
743 
745 
767 
782 
194 
545 
662 
667 
722 
723 
751 
8 

190 
512 
1025 
661 
1102 
172 
330 
331 
602 
003 
604 
788 
784 
785 
786 
1772 
143 
144 
860 
1656 
1667 
1656 
1669 
1660 
1661 
1662 
394 
870 
871 



Potash 
(K,0). 



Percent. 

0.204 
.323 
.384 
.294 
.335 
.118 

L114 
.518 
.649 
.496 
.624 
.517 
.385 
.312 
.296 
.442 
.382 
.460 
.411 
.606 
.667 
.320 
.434 
.426 
.381 
.368 
.413 
.328 
.426 
.467 
.431 
.287 
.427 
.820 
.312 
.288 
.301 
.415 
.212 
.144 
.203 
.126 
.471 
.462 
.792 
.869 
.413 
.147 
.028 
.116 



Phos- 
phoric 

acid 
(PiOft)- 



Per cent, 
ai24 
.267 
.241 
.146 
.170 
.078 
.122 
.225 
.240 
.117 
.150 
.172 
.166 
.060 
.126 
.147 
.102 
.042 
.120 
.187 
.127 
.080 
.062 
.042 
.047 
.060 
.142 
.037 



.818 
.166 
.066 
.178 
.854 
.610 
.134 
.071 
.162 
.224 
.124 
.184 
.223 
.144 
.146 
.440 
.495 
.475 
.645 
.636 
.940 
.700 
.154 
.180 

.ita 

Digitized by 



.110 
.162 
.168 
.165 
.106 
.140 

Trace. 

Trace. 

Trace. 
.136 
.130 
.102 

Trace. 
.112 
.063 
.187 
.160 
.184 
.069 
.032 
.067 
.138 
.118 
.243 
.198 
.426 
.212 
.106 
.062 
.062 
.297 
.107 
.062 
.182 
.118 
.890 
.165 
.192 
.192 
.224 
.224 
.216 
.224 
.224 
.300 
.125 



Lime 
(CaO). 



Percent. 

a 581 

.961 

.769 

.668 

.944 

.370 

L865 

.714 

.852 

.842 

.765 

.663 

&661 

L120 

.668 

.762 

.663 

.618 

.601 

.668 

.726 

. .609 

.480 

.635 

.649 

.824 

L998 

.660 

.770 

.765 

.803 

.831 

3.451 

1.570 

.944 

.967 

L721 

L260 

1.631 

1.770 

L078 

.648 

1.190 

2.134 

14.912 

.663 

.390 

.366 

.790 

.550 

.640 

.452 

.486 

.200 

.862 

.552 

1.542 

.146 

.653 

.760 

.479 

.421 

.164 

.379 

.398 

1.625 

1.338 

1.433 

L329 

2.099 

L418 

1.428 

L449 

.873 

1.060 



Magnesis 

(mSoT 



Pere 



,^ob^k 
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Chemical compontion of the 9oUs of the United States, Great Britain and Ireland, France, 
and Germany t etc. — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— Continued. 



Stote or Territory. 



Wwhington— Continued. 
King County 



Dftkota:* 

Prairto soils. 



Michigan: » 

Berrien County.. 
lDdian»:6 

Boone County... 
New York:» 

Oswego County- 




Louisiana: ft 

RapldeB Parish. 



Nebiaakm: < 

Dawes County — 

Cherry County 

Brown County 

Antelope County 

Saunders County 

I^ancaster County 

Hamilton County 

Mills Fann 

Division B 

Wisooos^n:' 

Experiment plat- 
Poor 

Medium 

Good 

(Red Clay) 

Cterk County. 

UnlTersity farm 

Bhiooton 

Laoder Flambeau 

Peat 

Muck 

Virgin soil. University farm. 
Texas:* 

TerreU 

Pecan Gap 

Forney 

Prairie soil 

Hammock 

Manor, Travis County 

Ben County, Waxie 

Bell County, Hammock 

Waxahaohle 

New Braunfels 

Abilene 

Wichita 



^J^X^ Potash 
»^^P*« (K,0). 



127 
61 

119 
71 
48 
21 
22 



Per cent. 

a 126 

.167 
.126 
.163 
.103 

.730 
.726 
.746 

.180 

.610 

.320 
.426 
.306 
.505 
.400 
.476 
.480 
.530 
.460 

1.470 
.030 

1.940 
.805 
.430 
.165 
.745 
.806 

.041 
.410 
.741 
.502 
.241 
.197 
.054 
.806 



.26 
.27 
.30 

1.27 
.08 
.37 
.17 

1.81 
.46 

1.43 
.37 

.17 
.83 
.316 
.837 
.68 
.676 
.22 
1.46 
.36 
.22 
11.37 
.426 



Pho^ 




pborio 


Lime 


acid 


(CaO). 


(PiO»). 




Percent. 


Percent. 


a044 


a 616 


.073 


.603 


.266 


L080 


.100 


L080 


.124 


1.321 


.112 


.848 


.112 


.853 


.224 


3.888 


.716 


.007 


.041 


L387 


.023 


.360 


.062 


.440 


.023 


.360 


.050 


.664 


.010 


.763 


.048 


1.873 


.038 


.636 


.176 


.663 


.176 


.634 


.160 


L166 


.144 


2.060 


.103 


.836 


.113 


.414 


.007 


.186 


.00 


.111 


.060 


.m 


.006 


.096 


.822 


L802 


.062 


.498 


.062 


.773 


.080 


.506 


.112 


.400 


1.421 


.612 


.094 


.468 


.137 


1.007 


.156 


.716 


.18 


L44 


.20 


1.36 


.22 


1.06 


.08 


.76 


.17 


.63 


.13 


.63 


.27 


.83 


.18 


1.05 


.25 


1.74 


.23 


L82 


.13 


.63 


.28 


.66 


.13 


.81 


.326 


11.00 


.313 


6.62 


.26 


6.30 


.116 


6.81 


.12 


23.08 


.18 


l.OS 


.16 


6.17 


.41 


7.32 


Trace. 


4.04 


Trace. 


.074 



Magnesia 
(MgO). 



PereenL 

.648 
.888 
.668 
.608 

.868 
1.636 
2.007 

.267 

.771 



.601 
.274 
.641 
.666 

.866 
.642 
.803 
.746 

2.160 

1.066 

2.547 

M31 

.346 

.000 

.830 

1.034 

.306 
.084 
.060 
.031 
.334 
.420 
.430 
L080 



2.06 
.73 
.80 
.56 
.67 
.44 

L47 
.80 

.28 
.32 
.543 
.81 
.46 
.317 
.04 
.73 
.67 
L31 
L40 
Trace. 



• Bui. 10, Div. of Chemistry, U. S. Dept. Agr., 1886 (locality unknown). 

»Bul. 10, Div. of Chemistry, U. S. Dept. Agr., 1886. 

cBul. 60, Nebr. Agr. Expt. Sta. 

dAnn. Rep. Wis Agr. Expt.Sta. (1006). , « „ . „ . «^ .,«^^ 

« BuL No/^25, 36, 4^61, «, and 00, Texas Agr. Expt. Sta.; Ann. Rep. Texas Agr. Expt. Sta. (1880). 
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Chemicdl composiiion of the soils of the United States, Great Britain and Ireland, Franee, 
and Germany, etc. — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-ConUnucd. 



State or Territory. 



T«ra8— ContiQOfid. 
ElPaao 



Fort Bend. 
Brasoria... 



BrasosBiver.... 
Brazos Bottom.. 



Kaufman County . 



Manor 

New Braunfels. 

Waxahacliie 

Bell County 



Pecan Gap — 

Terrell 

Cherokee 

Ridge soil 

Pine Ridge.... 
Tyler County . 



Wichita County., 

College Clay 

Alvin 



Harris County . 
Hitchcock 



Mesa.... 

BeeviUe. 



Carsln'sfarm.. 

Huntsville 

Willis 



Rice soils. . 



Original 

sample 

No. 



Harris County 

Victoria County 

Brazoria County 

Brownsville 

Houston County- 
Norfolk sand 

Fine sand 

Fine sandy loam 

Orangeburg fine sand 

Fine sandy loam 

Lufldn fine sand 

Clay 

Susquehanna fine sandy loam. 
Clay 



Potash 
(K,0). 



1 

2 

3 

14 

16 

18 

1 

2 

3 

1 

i 

5 

7 

9 

11 

95 

96 

97 

137 

141 

206 



Per cent. 
0.52 
.43 
.4« 
L09 
.885 
.545 
.885 
.46 
.866 
.545 
.68 
.316 
.887 
.576 
.22 
.35 
.22 
L45 
.83 
.17 
.48 

Trace. 

Trace. 
.06 

Trace. 
1.14 
.426 
.80 
.93 
.46 
.56 
.17 



.397 
.32 

Trace. 

Trace. 
.02 
.05 
.01 
.05 
.06 
.05 

Trace. 
.06 
.37 
.01 
.04 
.05 
.08 
.29 
.137 
.143 
.06 
.396 
.29 
.43 
.78 
1.31 

.10 
.13 
.18 
.14 
.71 
.11 
.14 
.11 
.20 



Phos- 
phoric 

acid 
(P.0»). 



Percent. 
0.34 

.to 

.166 
.136 
.34 

Trace. 
.34 
.166 
.136 

Trace. 
.25 
.326 
.313 
.115 
.41 
.15 
.12 
.18 
.128 
.82 
.243 
.07 

Trace. 
.03 

Trace. 

Trace. 

Trace. 
.083 
.024 
.22 
.15 
.12 
.04 
.085 
.037 
.019 
.074 
.04 
.01 
.06 
.04 
.05 
.008 
.07 
.06 
.07 
.01 
.01 
.04 
.03 
.01 
.29 
.016 
.036 
.019 
.026 
.023 
.025 
.166 
.093 
.148 
.204 

.01 
.01 
.02 
.05 
.05 
.03 
.01 
.03 
.02 



Lime Maioiraia 
(CaO). (AlgO). 



Percent. 

0.57 

3.83 

2.74 

1.66 

5.66 

.600 

6l66 

2.74 

L66 

.609 

6.30 

11.00 

6. 62 

.581 

.32 

5.17 

23.98 

1.03 

.814 

.55 

.35 

.16 

.00 

.44 

.00 

4.04 

.07 

.60 

.958 

6.33 

&17 

1.62 

.21 

.165 

.40 

.66 

3.56 

.76 

.67 

.60 

.17 

.08 

.04 

.09 

.07 

.18 

.18 

.20 

.16 

.16 

.04 

.06 

.24 

.55 

.58 

.24 

.09 

2.17 

.65 

1.05 

L88 

14.43 



.10 
.09 
.14 
.10 
.15 
.43 
.05 
.29 



Per cent. 
Trice. 
Trace. 
a24 
.126 
1.85 
.73 
1.85 
.24 
.120 
.73 
.46 
.543 
.81 
.317 
1.31 
.67 
.94 
.73 
.32 
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Chemical compogiHon of the mUoftke United States, Oreat Britain and Ireland, Fnmce, 
and Germany y etc. — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED 8TATES-OonClnu«d. 



8tot« or Territory. 


Oririnal 

sample 

No. 


Potash 
(K,0). 


Phoa- 

phoric 

acid 

(PiO*). 


Lime 
(CaO). 


te- 


Tezft»— Continued . 
Anderson County^ 

Norl^nc s»Tid 




Per cent. 
a07 
.10 
.13 
.13 
.22 
.50 

.25 
.76 
.78 
.40 
.39 
.19 
.83 
.13 
.12 

.29 
.28 
.52 
.11 

.06 
.17 
.80 
.32 
.25 
.45 
.23 
.47 
.03 

.29 
.20 
.04 
.58 
.78 
.05 
.34 
.41 


Percent. 
a02 
.02 
.01 
.03 
.06 
.14 

.06 
.02 
.12 
.05 
.05 
.02 
.11 
.03 
6.04 

.07 
.07 
.04 
.02 

.02 
.02 
.06 
.06 
.02 
.00 
.03 
.06 
.11 

.01 
.08 
.00 
.18 
.10 
.12 
.40 
.15 
.12 
.20 
.36 
.03 
.03 
.07 
.10 
.07 


Percent. 

0.05 
.06 
.04 
.02 
.23 

8.14 

.12 
.06 

L52 
.06 

L05 
.35 

1.20 
.07 
.38 

&66 

10.60 

L47 

.01 

.04 

.05 

3.06 

L16 

.18 

.35 

3.40 

8.06 

23.64 

.37 

10.61 

10.32 

12.40 

1.58 

34.01 

.70 

0.86 

3..'i3 

2.06 

a. 70 

.44 

.36 

.10 

.08 

.10 

.07 

.15 

.08 

L40 

L47 

.28 

4.46 

1.36 

L06 

.66 

1.20 

L08 

.67 

1.20 

L34 

2.82 

2.20 

L06 


Percent, 

ao5 


Fine sand 




.07 


Fine sandy loam 





.05 


Orangeburg fine sandy loam ... 




.04 


C3ay 




.22 


Yatoo clay 




.75 


Lamar Coimty— 

Orangeburg sandy loam 




.07 


Fine simdy toam i 


.07 


Silt 




.61 


Clay 




.20 


Houston black clay 




.80 


Clay 




.32 


Sharkey clay 




1.25 


Lnfktn clay 




.11 


Sanders loam . 




.25 


Travis County- 
Houston nlack clav 




.68 


Yasoo sandy loam ' 


1.06 


Travis gravelly loam 




.16 


Lufkin fine sandy loam 




.10 


Bexar County- 
Norfolk sand 




.08 


Seuidy loam 




.14 


Houston black loam 




.73 


Clay 




L83 


Orangeburg fhie sand 




.01 


CTay ..."... 




.35 


Portnnouth sandy loam 




.37 


San Antonio davey loam 




4.01 


Austin fine sancfy loam 




.62 


Hays County- 
Houston loam 




.28 


Blackday 




.62 


Clay 




.44 


Crawford sandy clay 


.30 


Silt clay 


.83 


Blanco loam . . . 


.01 




.20 


Wal^Bsh day '. 




.96 


Rio Grande Valley 


1 
2 
3 


Trace. 






.15 






Trace. 


Tyler County 


.06 

.48 

.17 

.36 

.15 

.34 

.22 

.30 

1.07 

1.12 

.00 

.40 

1.81 

1.52 

.72 

.33 

.02 

.11 

L13 

1.84 

.56 

.31 

.54 

.20 

.48 

.34 

1.20 

LOl 


.08 


Cherokee County 




.14 


Arkansas • 


14727 
14728 
14720 
14730 
15363 
15354 
6356 
6350 
6831 
7036 
8051 
8063 
10147 
jt432 
6621 
6035 
6330 
6352 


.14 




.29 
.20 
.22 




.16 
.00 
.37 
.53 
.05 
.16 
.02 
.05 
.14 
.05 
.25 
.03 
.30 
.23 








CaUfomias 


2.97 




3.39 
.21 
L75 






lUaoeUaneoos 


LOO 
L74 
L8e 
.90 
2.22 
2.52 
1.18 








l.£3 








1.73 






.06 
.06 
.03 
.21 
.00 








L79 














L92 
l.«l 











•Analysas made by the Bureau of Soils, U. S. Dept. of Agr. 
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Chemical ixmjxmiion of the soils of the United States, Great Britain and Ireland, France, 
and Germany, etc. — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— Continued. 



State or Terrttory. 


Ortglnal 

sample 

No. 


Potash 
(KK)). 


Phoa- 
phorlc 

acid 
(PiO»). 


Lime 
(CaO). 


(Mfl). 






Percent. 


Percent. 


PereenL 


Percent. 


Ccrtorado* 


7062 
TOM 


082 
.61 


022 
.26 


4.20 
&40 


L13 




LOO 




723a 


.71 


.86 


L18 








.88 
.67 
.80 
.82 
.80 
.70 

1.27 
.68 

L02 
.72 
.61 
.81 
.80 
.64 
.66 
.63 
.20 


.06 
.00 
.13 
.06 
.11 
.12 
.22 
.22 
.22 
.11 
.16 
.22 
.86 
.80 
.24 
.07 
.07 


6.14 

1.62 

2.64 

4.05 

2.03 

2.23 

2.10 

.63 

2.74 

.80 

.40 

.64 

8.60 

6.00 

.45 

.67 

.26 


.'w 






.10 






.45 






.20 






.28 






.21 






.23 






.48 






.62 






.13 






.62 






.10 






.80 






.86 






.40 


District of ColiiTTihiae 


728a 


.10 


A^ mtmm ivw ^^m v/^^»*» • "f i'*^ ^•••••. • •••• ■■••.• ••••• ••«••*■• 


.02 




727a 


.20 


.07 


.26 


.02 




728a 


.36 


.06 


.26 


.01 


Florida* 


2822 
3965 


.04 
.03 


.93 


.24 
.03 


.07 




.16 




5284 


.20 


.02" 


.10 


.07 




5286 


.17 


.08 


.12 


.05 




5288 


.18 


.02 


.07 


.06 




5290 


.10 


.03 


.15 


.07 




5301 


.04 


.05 


.12 


.01 




5392 


.05 


.04 


.08 


.02 




6403 


.06 


.04 


.05 


.01 




5404 


.07 


.06 


.02 


.02 




5406 


.07 


.04 


.06 


.01 




6406 


.09 


.09 


.04 


.03 




5407 


.11 


.19 


.07 


.08 




5408 


.07 


.17 


.15 


.02 




6409 


.08 


.08 


.21 


.02 




6410 


.10 


.08 


.05 


.03 




6413 


.09 


.06 


.12 


.01 




5414 


.05 


.04 


.00 


.02 


Oeorgia* 


6263 
6364 


.12 
.09 


.06 
.05 


.14 
.00 


.15 




.12 


Kansas: o 
















.18 
.54 
.26 
.20 
.63 
.28 
.39 


.09 
.10 
.11 
.13 
.11 
.03 
.05 










i'84* 


.66 






.86 






i'23* 

.17 
.06 
.24 


.62 








Kentnekr • 


7665' 

13715 


.08 


^;^^jj ^t%M^M^^ ^m •••••••••••••••••••••••••••••••••""""•••• 


.40 




13716 


.31 


.05 


.24 


.43 




13717 


.23 


.05 


.20 


.37 




13718 


.29 


.04 


.23 


.41 




1095 


LOO 


.26 


.23 


.51 


Louisiana • 


733 
734 


.71 
.76 


.10 
.18 


.54 
.66 


.67 




.70 


Maryland • 


132 
5460 


.41 
.38 




.44 
.21 


.60 




.08* 


.34 




6459 


.91 


.11 


.11 


.18 




6456 


.44 


.10 


.11 


.47 




5455 


.89 


.06 


.15 


.40 




5464 


.86 


.00 


.14 


.14 




1099 


.46 


.20 


1.26 






?49a 


15 


04 


.09 






864a 


!08 


.04 


.09 


.03 


^Qnneeotae 


16355 
15366 
16357 


.73 
.63 


.24 

.17 


6.45 
13 83 










.15 


.24 


1.22 






16368 


.15 


.15 


1.07 






16369 


.14 


.23 


LOS 






15300 


.17 


.13 


JO 




MIsslMfpirfe 


7936 


.31 


.24 


.83 


1.22 



•Ajoal/fep jf^i^ t>y the Bureau ot SoiU, U, 0f Dept. of A^. 
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Omniad em m pMiti i m nfike mnU cf^ VniUi 8taU$, Qrmtt Bfitam and Ireland, France, 
«iia OmnaY4r— Continued. 

QBSIflCAL COMPOSITION OP THE SOILS OF THE UNITED STATES-CoBtlniied. 



StetBorTefriterj. 


Original 

sample 

No. 


Potash 
(KjO). 


Phos- 
phoric 

acid 
(PiO»). 


Lime 

(CaO). 


Macnssia 
(M«0). 


tU*WfK^« .X 




Percent. 

0.91 

.96 

.99 

.54 

.10 

.06 

1.20 

LOO 

.72 
.69 
.99 
.66 
1.07 
.73 
.92 
.93 
.35 
.30 
.46 
.40 
.47 
.42 
.47 
.40 
.44 
.44 
.26 
.35 
.49 
.43 
.38 
.41 
.42 
.39 
.40 
.38 
.30 
.26 
.02 
.13 
.08 
/ .06 

1.64 
1.20 

1.02 
.06 
.57 

1.51 

.65 
.98 
.49 
.97 
.87 
.84 
1.60 
.41 
1.18 
1.01 
.46 
.31 
.40 
.41 
.23 
.42 
.42 
.61 


Percent. 
0.19 
.26 
.26 
.29 
.30 
.02 
.28 
1.25 

.12 
.20 
.17 
.20 
.16 
.15 
.21 
.10 
.16 
.17 
.12 
.11 
.11 
.12 
.11 
.01 
.03 
.13 
.11 
.16 
.13 
.11 
.11 
.12 
.11 
.14 
.11 
.13 
.15 
.12 
.76 
.02 
.02 
.08 
.02 


Percent, 

2.35 

1.95 

8.07 

2.35 

.24 

.19 

.24 

1.27 

1.45 
1.81 
1.86 
1.56 
1.78 
1.70 
1.80 
.92 
.06 
.09 
.31 
.26 
.23 
.25 
.25 
.25 
.26 
.24 
.33 
.34 
.29 
.25 
.23 
.24 
.24 
.27 
.26 
.23 
.36 
.31 
.59 
.V7 
.15 
.22 
.27 
7.25 
2.67 
6.88 

.14 
.09 
1.11 
.37 

.52 

.61 

.61 

.79 

.73 

.74 

2.73 

1.915 

2.66 

2.49 

.ft5 

.38 

1.34 

3.65 

1.53 

.72 

.97 

.44 


Peretnt. 
1.22 






.42 






.66 






.47 


HtWhKtBf 


2060 
6832 


.03 
.00 


Iferada:* 


5686 


3.23 
1.23 






1.60 






1.42 






1.31 






1.48 






1.21 






1.51 


NvthDOotA* 


6549 
1119a 


1.37 










State Oaiiifii 




.64 






.47 






.46 






.41 






.42 






.45 






.55 






.52 






.44 






.43 






.56 






.55 






.42 






.46 






.50 






.50 






.53 






.40 






.47 






.38 


StDth CarellBa« 


3961 
2165 
2167 

806a 

790a 
12481 
12482 


.26 


Tnas« 


.06 




.16 
.09 
.00 
1.17 




.14 
.10 

.16 
.30 
.11 
.05 

.23 
.05 
.05 
.1.5 
.05 
.14 
.31 
.23 
.21 
.15 
.08 
.15 
.06 
.25 
.22 
.20 
.14 
.30 








HiaoaBiwotis ^. .^...^. 




VMhtnrton* 


40004 
6546 
796a 

1638 
1901 
1900 
1908 
1904 
1910 
1820 
1908 
1906 
1907 
1756 
2214 
2181 
2109 
2291 
2403 
2405 
2319 


.18 
1.01 


WliO(Misbi« 




CUUirnia:» 

Bldomto Goont J 


.38 


Stanlslaai Ooonty 


.51 


Tvlfffi^ r^Vnty 


.51 
1.22 


Veotara Coanty « . . 


.64 
1.27 


Lm AngBleB Ckmnt J 


2.87 


iDToODiintj 


2.04 
1.79 
1.75 
.79 


Eldorado Count j 


.60 


ShasuCocmty 

Modoc Cwmty 

Gknn Comity 


.67 

2.55 

.42 


Yoba County 


1.45 


HamboMt Cotmty 


1.83 
1.76 



« Analyses made by the Btireati of Soils. U. 8. Dept. of Agr. 
* Ami. Rep. Cal. A? r. Kxpt. Sta., 1895-1397, 1901-3, 
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Chemical compotUion of the ioiU of the United States, Great Britain and Ireland, Prance, 
and (rermany, etc. — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-Oontlntied. 



State or Territory. 



Original 

sample 

No. 



Potash 
(K,0). 



Phoa- 
phorlo 

add 
(P«0»). 



Ltxne 
(CaO). 



Mameila 
(MgoT 



California— Continued. 

Mendocino County 

Lake County 

Contra Costa County 

Alameda County 

San Luis Obispo County 

Ventura County 

Riverside County 

San Diego County 

Riverside County 

San Diego County 

Florida,a Dade County 

Lee County 

De Soto County 

Brevard County 



Osceola County. 



Polk County. 



Hillsboro County 

Pasco County 

Orange County 

Volusia County 

Marion County 

Florida: 6 

Miami 

Bocaratone 

West Palm Beacli 

Jensen 

Eldred 

St Petersburg 

Oneco 

Punta Gorda 

Orlando 

Key 

• Bui. 43, Fla. Agr. Expt. Sta. 



2243 

2433 

2301 

2295 

24M 

1880 

2430 

2061 

2273 

2234 

1936 

2470 

2471 

2324 

2325 

10 

14 

10 

18 

1 

25 
26 
28 
50 
4 
64 
12 
13 
21 
88 
40 
X 
47 
40 
51 
42 
43 
44 
45 
55 
67 
75 
116 
73 
31 
60 
62 
Y 
6 
8 
Z 
33 

1296 
1298 
1300 
1302 
1304 
1306 
1308 
1310 
1312 
1314 
1316 
1318 
1320 
1322 
1380 
1382 
1384 
1386 
1388 
1390 
1411 



Percent. 

a95 

1.41 
.61 
.84 
.58 

L17 
.33 
.67 
.40 

LOO 
.18 
.80 

L26 
.76 
.74 
.0965 
.0043 
.0178 

Trace. 
.0164 
.0058 

Trace. 
.0125 
.0024 
.0212 
.0072 
.0086 
.0111 
.0612 

Trace. 
.0034 
.0198 
.0077 
.0073 

Trace. 
.0038 

Trace. 

Trace. 
.0028 

Trace. 

Trace. 
.0028 
.0023 
.0048 

Trace. 

Trace. 
.0193 
.0160 
.0048 
.0164 
.0206 
.0149 

.0135 
.0170 
.0170 
.0097 
.0145 
.OKO 
.0048 
.0097 
.0145 
.0061 
.0073 
.0061 
.0110 
.0134 
.0134 
.0134 
.0122 
.0170 
.0110 
.0158 
.2963 



PercenL 

a 15 
.28 
.08 
.12 
.07 
.10 
.07 
.71 
.06 
.16 
.11 
.14 
.21 
.23 
.22 
.0240 
.0240 
.0256 
.0304 

2.5630 
.0208 
.0496 
.0112 
.0128 
.0160 
.0028 
.0336 
.0192 
.0544 
.0416 

Trace. 
.0333 
.0032 
.0096 
.0144 
.0064 
.2768 

2.4000 
.3112 
.0272 
.0240 
.3408 
.0680 
.1360 
.1328 
.0816 
.0272 
.1175 
.0112 
.0677 
.1660 
.2544 

.0162 
.0075 
.0062 
.0087 
.0067 
.0087 
.0100 
.0067 
.0137 
.0120 
.0056 
.0087 
.0431 
.0106 
.0056 
.0556 
.0106 
.0187 
.0050 
.0250 
.9450 



Percent. 
L40 
LOO 
2.51 
2.84 
4.50 
L38 
.76 
2.11 
.85 
L50 
L47 
2.60 
2.71 
485 
&75 
.0250 
.1375 
.0726 
.6500 
6.6060 
Trace. 
.0726 
.0000 
.0700 
.0750 
.0000 
.2100 
.1075 
2.2826 
.0400 
.0000 
.1150 
.0226 
.0150 
.0600 
.0000 
.0125 
.1125 
.0175 
.0125 
.0000 
.2025 
.2660 
.0250 
.0275 
.0000 
.0000 
.0625 
.0600 
.0225 
.0626 
.1500 

.1740 
.1587 
.0312 
.0187 
.0062 
.0087 
.0037 
.0062 
.0287 



2.66 

2. 85 

LS7 
.60 

LSI 

2.68 
.76 

Z26 
.89 

L64 
.68 
.76 

2.20 

L24 

L66 
.0060 
.0613 
.0S51 
.OOW 
.0290 



.0112 
.0067 
.0602 
.0137 
.0162 
.0312 
.0187 
.0850 
.0475 
.0350 
4.7250 



^Bol. 68, fla. Agr. £z|»t. Sta, 
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Chemical composition of the ioils of the United States, Great Britain and Ireland, France, 
and Germany, rfc^Oontinued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— GonUnoed. 



State or Territory 


Original 

sample 

No. 


Potash 
(K,0). 


Phos- 

phoric 

acid 

(PiOi). 


Lime 
(CaO). 


11^ 


Idaho:* 




Percent. 


Percent. 


Percent. 


Percent. 


Kootenai Coonty 


9 




Trace. 


1.32 


ao3 




20 
17 




a 45 
.49 


.94 
2.80 


1.1b 


Utah County 


"aso"' 


.51 




19 


.61 


1.57 


.13 


.19 


Shoshone Coonty 


5 
31 


.04 
.034 


.35 
.25 


.78 
3.75 


.72 


Net Peroe County 


.91 


OmcBvlUe 


13 
14 


.04 
.40 


.62 
.01 


1.49 
1.44 


2.52 


uaoii^n* usv. 


.34 




15 


1.92 


.01 


.64 


.22 


f>nyop County. 


1 




.31 


2.70 


.68 




6 

7 

8 

21 




1.20 
.09 
.19 

1.39 


.69 

Trace. 

.66 

.07 


1.60 






.67 






.38 


Btauham Countr 


""i*i6* 


.31 


*""•'■"•" v^v««««*j 


22 


1.22 


.47 


2.50 


.29 




23 


1.28 


.41 


2.15 


.14 




24 


.99 


L16 


2.08 


1.26 




25 


1.04 


.21 


.06 


1.00 


Boar Lake County 


26 


1.44 


.31 


1.43 


.37 




27 


.72 


.19 


3.94 


3.16 




29 


1.12 


.05 


.59 


3.15 




30 


.72 


.94 


5.92 


1.24 


OMSia Coonty 


4 
5 


.775 
.695 


.183 
.137 


1.971 
1.870 


1.387 




1.322 


CoBord'Alene 


7 
9 


.440 
.467 


.188 
.205 


.533 
.432 


1.290 




1.527 




11 


.459 
.664 


.188 
.157 


.507 
.657 


.906 


Ameriean Ridge 


.997 


Latah Coonty 


is* 

14 


.673 
.557 


.131 
.026 


.722 
.767 


1.019 




.802 


LewMon 


16 
16 
18 


.526 
.563 
.667 


.148 
.192 
.176 


.872 
.939 
.999 


1.150 


Monow 


.886 




.766 


Boise 


20 
21 


.789 
.896 


.237 
.184 


1.567 
.893 


1.090 




1.006 




22 


.459 


.141 


.466 


.535 




23 


.572 


.143 


.780 


.831 


Loal8iaiia:» 












Calhoun 


1 
2 


.023 
.029 


.037 
.048 


.066 
.145 


.018 




.074 




3 


.Oil 


.021 


.027 


.027 




5 


.006 


.011 


.009 


.011 


Mooioe 


7 
9 


.069 
.023 


.072 
.007 


.128 
.040 


.180 




.036 


Aci^'tanl College 


48 


.125 


.148 


.45 


.32 




£0 


.153 


.092 


.161 


.12 




49 


.122 


.092 


.161 


.12 




51 


.126 


.114 


.307 


.47 




52 


.303 


.204 


.400 


.68 




53 


.104 


.156 


.770 


.60 




54 


.127 


.233 


.370 


.47 




55 


.132 


.149 


.610 


.60 




56 


.117 


.182 


.440 


.60 




57 


.097 


.185 


.64 


.56 




58 


.131 


.102 


.64 


.39 




69 


.150 


.147 


.83 


.79 




60 


.111 


.096 


.40 


.63 




61 


.145 


.181 


.63 


.40 




62 


.116 


.118 


.39 


.12 




162 


.12 


.06 


.14 


.10 




163 


.06 


.06 


.22 


.06 


vXuOO Ooonty ..•...........«....••....•...••...• 


606 
692 


.31 
.050 


.089 
.027 


.86 
.16 


.061 


Jackaon Coonty 


.072 




694 


.050 


.015 


.23 


.064 


• 


695 


.080 


.004 


.20 


.028 


Chickasaw County 


888 


.10 


.26 


.27 


.22 


Cortngtoo County 


1522 


.09 


.1H4 


.302 


.318 




1523 


.08 


.100 


.280 


.126 


Noxubee County 


1524 


.18 


.24 


4.91 


.144 


Oktibbeha County 


1536 
1538 


.23 
.46 


.097 
.257 


.47 
.94 


.38 


Tiilahatdile County 


.25 



• Bnls. 9 and 28. Idaho Agr. Expt Sta. 

» Special Rep. on the Geotof^r and Agriculture of the Hills of La., La. Agr. Expt. Sta. (1802). 

« Ami. Rap. Mis. Agr. Expt. Sta., 1896 and lsg6-99; Bui. 66, Miss. Agr. Expt. Sta. 
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BEPOBT OF NATIOHAL OOHTfiEAVATIOH 00MMI8SI0K. 



Chemicai campotHion o/Ae iOtUqfthe United Statts, Ortat Britain and Irdand, Franet, 
and Oermany, ^.— Oontinued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES-Oonttawd. 



Stete or Territory. 



Original 

sample 

No. 



Potaah 
(KiO). 



Phoa- 



acid 
(P«0»). 



Lime 
(CaO). 



MtfiMsia 

(MjoT 



MiSBiaBippI— Contr 
Hindk County 



tnttnoed. 



Oktibbeha Couaty. 
Holmes County 



Crystal Springs. 
Colteevll' 



Yaiooaty. 
Como 



BlUabetfa 

Noxabee County. 



Oktibbeha County. 



Copiah County 

Madison County... 

Amite County 

Wilkinson County. 
Panola County — 

Oktibbeha County 
Choctaw County . . 

Leake County 

Soott County 

Choctaw County . . 
Winston County . . 
Neshoba County . . 
Soott County 

Winston County.. 
Kemper County. . . 
Harruon County . . 
Jones County 

Kemper County... 
Noxubee County.. 



1544 

1573 
1606 
928 
406 
401 
4(tt 
403 
404 
421 
75 
76 
260 
§37 
030 
940 
941 
948 
985 
946 
940 
951 
942 
948 
944 
945 
MS 
617 
620 
621 
622 
583 
504 
005 
fi07 
585 
801 
822 
881 
884 
886 
1021 
1036 
004 
963 
076 
833 
004 
844 
850 
906 
911 
836 
853 
855 
913 
919 
674 
1010 
1012 
1013 
926 
928 
929 
931 
932 
933 
935 
937 
939 
940 
941 
942 



Percent, 

au 

.22 

.24 

.07 

.20 

.18 

.09 

.17 

.14 

.865 

.143 

.147 

.55 

.218 

.478 

.468 

.426 

.360 

.201 

.450 

.872 

.246 

.400 

.500 

.509 

.574 

.460 

.300 

.280 

.360 

.210 

.880 

.200 

.420 

.165 

.460 

.203 

.200 

.257 

.180 

.225 

.125 

.106 

.241 

.322 

.293 

.337 

.246 

.189 

.150 

.197 

.133 

.247 

.270 

.210 

.160 

.190 

.096 

.123 

.160 

.206 

.076 

.465 

.185 

.263 

.442 

.148 

.201 

.218 

.478 

.463 

.426 

.400 

.500 



Percent. 
ao7 

.192 

.190 

.07 

.09 

.09 

.06 

.08 

.06 

.127 

.27 

.282 

.16 

.085 

.180 

.121 

.121 

.046 

.000 

.105 

.105 

.070 

.268 

.302 

.821 

.206 

.800 

.144 

.008 

.282 

.108 

.427 

.108 

.220 

.147 

.300 

.064 

.040 

.040 

.042 

.030 

.055 

.033 

.055 

:% 

.070 
.075 
.050 
.040 
.037 
.022 
.087 
.007 
.044 
.044 
.060 
.033 
.046 
.035 
.024 
.110 
.196 
.072 
.053 
.188 
.084 
.090 
.085 
.180 
.121 
.121 
.263 
.808 
.881 



Percent. 
L85 

.to 

.175 
.27 
.22 
.15 
.19 
.19 
2.14 
.88 
.084 
.34 
.985 
L56 
1.45 
L13 
.000 
.335 
.045 
.485 
.325 
1.18 
15.57 
5.24 
5.15 
.630 
1.88 
&00 
L03 
.380 
.315 
.280 
.190 
.32 
.630 
.150 
.155 
.165 
.145 
.265 
.005 
.060 
.140 
.125 
.170 
.185 
.160 
.205 
.135 
.105 
.100 
.165 
.235 
.100 
.155 
.130 
.180 
.200 
.150 
.111 
.108 
L68 
.060 
.iS35 
.060 
.210 
.335 
.985 
.156 
.145 
L130 
1.18 
1&I7 



Per end. 
ai6 

.06 
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CkmM e^mpomiim of Hk 90U9 %t (*• Thidtd StaU^ Cheat SrHtniii mmt Mekmd, FMne$, 
and Qennanifj 6l», — Gonlmued. 

CHBHICAL G01CK>8ITION OF THE lOILS OF THE UNITED STATBS-^JMtlKMd. 



0l»toorT«crltor7. 


OrUrinal 

sample 

No. 


Potash 
(K.0). 


Phos- 

phodo 

acid 

(P.O»). 


Lime 
(CaO). 


Magnesia 
(MrO). 


MlHhrtprii-Owithniad. 

NumtigA dran iv 


945 

946 

048 

949 

951 

1153 

1154 

1155 

1157 

561 

584 

585 

586 

593 

594 

505 

597 

617 

820 

621 

022 

1106 

1107 

1106 

1117 

1118 

1119 

1121 

1122 

1111 

1113 

1280 

1124 

1126 

U14 

1115 

1158 

1150 

1161 

1162 

1163 

1165 

1168 

1169 

1172 

1174 

1175 

1178 

U79 

1180 

1181 

1182 

1274 

1276 

1184 

1185 

1186 

1187 

1189 

1190 

1191 

1193 

1194 

1200 

1202 

1204 

1206 

1209 

1213 

1211 

1217 

1219 

1221 

1223 

1226 


Percent. 
a 674 
.460 
.360 
.372 
.245 
.356 
.387 
.283 
.266 
.30 
.92 
.46 
.210 
.177 
.20 
.42 
.166 
.30 
.28 
.36 
.21 
.491 
.470 
.423 
.360 
.460 
.181 
.152 
.150 
.215 
.305 
.276 
.454 
.177 
.396 
.262 
.331 
.193 
.395 
.369 
.302 
.258 
.502 
.304 
.401 
.206 
.370 
.305 
.196 
.258 
.402 
.135 
.189 
.262 
.385 
.340 
.321 
.216 
.297 
.395 
.158 
.402 
.269 
.200 
.250 
.096 
.179 
.129 
.066 
.220 
.098 
.103 
.102 
.321 
.226 


Percent 
a2W 
.106 
.046 
.106 
.079 
.111 
.140 
.093 
.123 
.096 
.57 
.30 
.116 
.14 
.106 
.229 
.147 
.144 
.003 
.262 
.106 
.328 
.143 
.274 
.066 
.121 
.105 
.097 
.063 
.065 
.070 
.075 
.332 
.119 
.114 
.060 
.188 
.051 
.184 
.244 
.207 
.113 
.191 
.109 
.174 
.069 
.153 
.115 
.036 
.054 
.140 
.047 
.066 
.064 
.160 
.134 
.210 
.210 
.237 
.194 
.068 
.185 
.118 
.063 
.076 
.032 
.253 
.065 
.025 
.090 
.036 
.043 
.065 
.329 
.129 


FmemU. 
5lU 

.945 
.990 
.485 
.325 
3.50 
3.71 
.315 

.ae» 

.11 
1.06 
.63 

.au 

.180 
.23 
.19 
.32 
1.88 
6.90 
1.03 
.3S 
2.» 
.265 
2.25 
.960 
12.52 
.117 
.175 
.100 
.800 
l.Qft 
.960 
.260 
.170 
1.20 
.800 
.940 
.650 
1.58 
1.24 
1.36 
.480 
1.82 
1.11 
6.26 
1.50 
.680 
1.06 
.6-6 
.890 
5.80 
.160 
.119 
.150 
1.20 
.815 
1.61 
3.27 
1.27 
1.47 
.286 
.040 
.470 
.500 
.340 
.053 
9.63 
.160 
.030 
.610 
.190 
.120 
.120 
11.93 
.810 


PermmL 


















L^vB^fpOyntj 
















Oktibbflfaa County 























































































CbT CoonftT XX....... 




















Mmrm Cmmty , r . r 
















QilckanwConTitT 

























LnCoimlj 




































- 




















PnatteOmnty .. 
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Chemical compotUion of the sods of the United States, Oreal Britain and Ireland, France, 
and Germany, etc, — Continued. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— Condnued. 



State or Territory. 


Original 

sample 

N^ 


Potash 
(KjO). 


Phos- 
phoric 

add 
(PtO»). 


Lime 
(CaO). 


Macnesii 

(SSoT 


Mimssippl-Continued. 

Preniiss County 


1227 
1220 
1234 
1250 
1253 
1254 
1256 
1257 
1241 
1246 
1247 
1248 
1261 
1263 
1265 
1266 
1268 
1030 
1269 
1272 
1236 
625 
629 
633 
879 
881 
883 
884 
876 
886 
890 
892 
894 
895 
897 
898 
900 
002 
904 
905 
906 
958 
960 
961 
963 
965 
967 
960 
971 
973 
974 
975 
976 
977 
978 
979 
981 
983 
985 
988 
991 
994 
996 
997 
1000 
1001 
1003 
1007 
1006 
1021 
1023 
1025 
1026 


Percent. 
a 273 
.105 
.068 
.060 
.850 
.122 


PereenL 
174 
.009 
.018 
.027 
.092 
.051 
.114 
.140 

.on 

.051 
.040 
.050 
.048 
.035 
.038 
.052 
.093 
.024 
.167 
.094 
.072 
.062 
.076 
.083 
.061 
.040 
.068 
.042 
.022 
.030 
.018 
.019 
.022 
.016 
.030 
.044 
.047 
.013 
.075 
.024 
.037 
.060 
.188 
.104 
.051 
.078 
.090 
.060 
.023 
.044 
.053 
.063 
.102 
.168 
.117 
.070 
.064 
.064 
.080 
.135 
.066 
.055 
.064 
.071 
.097 
.069 
.041 
.083 
.079 
.055 
.067 
.067 
.033 


PereenL 
a340 
.070 
.072 
.205 
1.32 
.160 
1.05 
.830 
.235 
.245 
.175 
.140 
.190 
.160 
.190 
.140 
.205 
.110 
.142 
.106 
.145 
.29 
.22 
.17 
.120 
.165 
.145 
.145 
.300 
.265 
.110 
.110 
.025 
.05 
.115 
.210 
.130 
.050 
.160 
.050 
.105 
.120 
.135 
.160 
.100 
.110 
.120 
.125 
.016 
.065 
.140 
.145 
.170 
.200 
.130 
.190 
.170 
.125 
.185 
.120 
.190 
.140 
.220 
.166 
.050 
.150 
.300 
.225 
.275 
.095 
.175 
.125 
.06 


PereenL 




















.. 








.565 

.147 

.185 

.129 

.157 

.276 

.187 

.170 

.203 

.258 

.190 

.336 

.333 

.178 

.215 

.20 

.170 

.250 

.257 

.396 

.180 

.326 

.225 

.281 

.160 

.165 

.093 

.190 

.229 

.160 

.105 

.246 

.in 

.197 

.363 

.276 

.222 

.298 

.408 

.436 

.170 

.180 

.311 

.212 

.223 

.293 

.335 

.333 

.323 

.426 

.322 

.373 

.304 

.183 

.241 

.262 

.303 

.43 

.26 

.253 

.360 

.262 

.125 

.17 

.242 

.166 




Alconi Connty t.. t 
















Union County , 
























Pontotoc Countv 








Alcom CountT .... 




Mtdiffon r^mty 




































Lf^lre Cwinty ... 













Attala Countv 












Choctaw County 













f^irroU County ..... . , . . . 





























YaIohu»ha C-onnty .. 
















Panola Countv 
































Tate County 
























Marshall County 












Amttf^ County. ...... - 
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Chemical compotiHon of the sails of the United Stales, Great Britain and Ireland, Franc:, 
and Germany, etc, — Continui^l. 

CHEMICAL COMPOSITION OF THE SOILS OF THE UNITED STATES— Continued. 



State or Territory. 


Orij^inal 

sample 

No. 


Potash 
^K,0). 


Phos- 
phoric 
add 
(PfO*). 


Lime 
(CaO). 


Maf^nesla 
(MgO). 


MlsiaBlppi— Continued. 

HlPdJF ^^nnly 


871 
873 
875 
834 
836 
838 
853 
865 
856 
848 
840 
850 
844 
846 
852 
954 
801 
803 
805 
807 
809 
810 
811 
813 
816 
818 
820 
822 
823 
824 
825 
826 
827 
828 
830 
831 
832 
1010 
1012 
674 
913 
915 
917 
919 
911 
921 
923 
925 
858 
850 
861 
862 
864 
865 
867 
833 
869 
209 
676 
677 
678 
679 
700 
701 
702 
703 
658 
659 


Percent. 

0.168 
.182 
.277 
.170 
.247 
.163 
.270 
.210 
.309 
.100 
.202 
.150 
.180 
.165 
.130 
.563 
.203 
.223 
.207 
.100 
.170 
.286 
.263 
.173 
.300 
.106 
.233 
.200 
.277 
.253 
.251 
.262 
.128 
.134 
.100 
.264 
.132 
.123 
.160 
.098 
.160 
.145 
.140 
.199 
.133 
.090 
.141 
.345 
.120 
.255 
.290 
.104 
.240 
.230 
.103 
.337 
.115 
.55 
.46 
6.87 
6.02 
.041 
.54 
.54 
.84 
.36 
.415 
.50 


Percent. 
0.040 
.05/ 
.050 
.052 
.087 
.045 
.007 
.044 
.068 
.026 
.066 
.040 
.060 
.048 
.082 
.117 
.Ob4 
.058 
.004 
.061 
.040 
.047 
.Ot.8 
.05 
.107 
.149 
.081 
.0^0 
.065 
.050 
.060 
.077 
.064 
.047 
.060 
.064 
.036 
.046 
.035 
.033 
.044 
.055 
.074 
.060 
.022 
.028 
.019 
.029 
.013 
.029 
.062 
.040 
.080 
.007 
.062 
.079 
.067 
.16 
.17 
.192 
.196 
.216 
.092 
.14 
.134 
.115 
.118 
.109 


Percent. 
0.190 
.210 
.105 
.075 
.lt5 

.oeo 

.235 

.10 

.20 

.0i)5 

.285 

.135 

.i.0o 

.1.0 

.0fc5 

.3^0 

.15 

.0 5 

.1.5 


Percent. 










Neshobft County 












Soott County 
































Soott County 




Neshoba County 




Copiah County ' ... , 














l.U» 






.0 

. lf.5 
.225 
.215 
.155 
.120 
.285 
.100 
.150 

.oy5 

.115 

.130 

.125 

.1*25 

.20 

.15 

.18 

.155 

.ito 

.068 

.130 

.100 

.O-iO 

.070 

.170 

.195 

.725 

.220 

.185 

.115 

.125 

.125 

.185 

.15 

.34 

.126 

.02 

.89 

.97 

.40 

.41 

.59 

.34 

.372 

.245 








• 





































Jones County 












Harrison County 




Winston CV>unty 









Kemper County 








Wifvrton County . 




Neshoba County 




Kemper County 








ScoU County 








Ranktn County ,., 




















OktihhAha Tnunty 




Hankin County . ' 




Waiihfngton Coiinty , 




BoUrar ^bounty . . .' 




























Jasper County 
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KEPOBT OF NATIONAL OONSBRVATION COMMISSION. 



Chemical composition of the $oiU of Great Britain and Ireland. 

ENGLAND. 



County. 


Description and locaUty. 


Original 

saTiple 

No. 


Potash 
(K,0). 


Phos- 
phoric 
add 
(P.O.). 


Lime 
(CaO). 


Macnesia 

(iftoT 








Percent. 


Percent. 


Percent. 


Per cent. 


Doiseto 


AUuYium 


38 
62 


a46 
.22 


0.42 
.23 


3.84 
1.30 


0l48 






.11 






41 


.81 


.46 


1.09 


.26 




G ravel 


36 
37 


.22 
.33 


.32 

.28 


.71 
.64 


.46 






.27 






63 


.18 


.26 


.11 


.04 






64 


.17 


.20 


.11 


.06 




Bagshotbeds 


83 


.19 


.18 


.87 


.02 






30 


.13 


.25 


L43 


.84 






40 


.18 


.20 


.80 


.17 






65 


.13 


.12 


.08 


.06 




London day 


80 


.23 


.32 


.87 


.12 






12 


.22 


.47 


1.26 


.31 






68 


.20 


.15 


.36 


.07 




Reading beds 


81 


.27 


.33 


.66 


.27 






11 


.27 


.40 


L57 


.68 






67 


.24 


.21 


.66 


.07 






61 


.06 


.11 


i:§ 


.08 




Junction Reading beds and 

chalk. 
Chalk 


39 


.24 


.42 


.27 




15 

71 


.25 

.27 


.30 
.29 


41.00 
38.78 


.83 






.66 






99 


.19 


.78 


31.50 


.53 






95 


.29 


.47 


81.05 


.11 






51 


.20 


.33 


32.10 


.27 






94 


.22 


.49 


14.22 


.16 






35 


.28 


.94 


6.50 


.71 






50 


.39 


.36 


86.70 


.27 






16 


.50 


.33 


33.40 


.71 






72 


.50 


.27 


10.31 


.43 






49 


.20 


.31 


2.22 


.19 






21 


.39 


.25 


1.81 


.39 






100 


.38 


.51 


1.40 


.47 






1 


.17 


.44 


.90 


.41 






96 


.47 


.36 


1.01 


.80 






96 


.42 


.31 


1.30 


.06 






97 


.57 


.26 


.34 


.28 




Oreensand 


79 

47 


.35 
.81 


.37 
.60 


.92 


.08 






.46 






48 


.74 


.79 


7.10 


1.00 






2 


.40 


.23 


2.19 


.50 




Junction green sand and 


31 


.27 


.32 


L46 


.27 




marlstone. 
















25 


.29 


.28 


.71 


.68 




Wealdenbeds 


33 
32 


.31 
.25 


.31 
.44 


L02 
L36 


.41 






.34 






84 


.24 


.29 


.66 


.32 






09 


.36 


.28 


.96 


.11 






22 


.31 


.50 


.92 


.27 




Purbeckbeds 


27 
66 


.84 
.46 


.29 
.43 


L82 
.61 


.48 




Portland stone 


.07 




Kimmeridge clay 


3 


.30 


.16 


2.10 


.66 






20 


.4 


.6 


2.10 


.6 






42 


.47 


.89 


2.22 


.00 






85 


.61 


.88 


2.52 


.48 






86 


.81 


.24 


L87 


.61 






87 


.95 


.84 


L76 


.42 






88 


.92 


.60 


L18 


.61 




Coral rag 


19 


.38 


.31 


.67 


.96 






77 


.63 


.82 


laS 


.64 






82 


.30 


.47 


.54 






89 


.58 


.60 


1&66 


.60 






8 


.27 


.40 


20.70 


.86 






57 


.68 


.86 


2.08 


.60 






58 


.40 


.32 


12.06 


.20 




Calcareous grit 


9 


/25 


.31 


.80 






Oxford clay 


73 


.79 


.88 


1.88 


'ii 






34 


.21 


.38 


.81 


.66 






60 


.91 


.34 


2.04 


.47 






60 


.63 


.23 


.60 


.86 






52 


.73 


.33 


L70 


.60 






53 


.40 


.32 


.60 


.26 






29 


.34 


.26 


.60 


.22 






4 


.46 


.46 


2.99 


.38 



• In the ori^nal paper the results ire expressed as lime carbonate and lime other than carboDite and bft^v 
been recalruiat- d to give raO content. 
Filth annual Report on the Soils of Donet, UnlTonity CoUefe, Reading, 1906 
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Coanty. 



Description and loeality. 



Original 

sampto 

No. 



Potash 
(KK)). 



Phoa- 

phorio 

add 

(PiOft). 



Lime 
(CaO). 



»f 



DocMt.. 



Cambrldee^. 



Combrash. 



Fallen aarth. 



Interior oolite 

Junction inferior ooUte and 

MidJord sands. 
Mldford 



Junction llidford sands 
and maristone. 



Maristone. 



Junction marlstooe and 
lower Uas. 



Lower Uaa. 



Birch 

Buloau 

Bumham... 
Hedingham. 

OosBeld 



Orsett 

Ramsden 

Roxwell 

Saffron Walden. 



I- 



Tendring 

Thaxted. 

St. Osyth 

Yeldham 

Hatleyplot I 

Joint rotation 

Burgoynes (Univ. farm): 

Fields 11-13 1 

Fields 14-15 

Fields 16-17 1 

Fields 1»-19 1 

Bowlder dar: ' 

Above Oault ; 

Above Qreen sand 

Above Oault ' 

Above Orey chalk... 

Oault soils 



Klmeridge olay soils. 
AmpthiU clay soils.. . 



Percent. 

aae 

.50 
.2SI 
.41 
.17 
.66 
.89 
.80 
.58 
.52 
.50 
.31 



.38 
.44 

.33 
.26 
.21 

.57 
.36 
.30 
.76 
.58 
.27 



.32 

.66 
.51 

.88 
.38 
.17 
.58 

.14 

.12 
.15 
.79 
.34 
.41 
.48 
.20 
.18 
.16 
.52 

:?J 

.025 
.559 
.56 
.575 

.948 
.785 
.904 
.963 
1.14 
1.143 
1.13 
L13 
1.00 
L58 
.655 



Percent. 
0.49 
.45 
20 
.45 
.26 
.27 
.30 
.31 
.17 
.64 
.37 
.34 

.36 
.25 
.88 
.49 
.60 
.31 

.82 
.49 
.63 
.33 
.47 
.29 

.85 
.40 
.51 
.53 
.10 
.10 
.18 
.16 
f .14 
I .24 
.08 
.22 
.20 
.11 
.10 
.09 
.16 
.13 
.09 
.15 
.39 
.22 

.063 
.139 
.22 
.091 

.14 

.113 

.107 

.102 

.14 

.127 

.097 

.147 

.096 

.003 

.096 



Percent. 

3.16 

6.29 

6.88 

.99 

.77 

.91 

1.09 

4.50 

&28 

4.80 

11.60 

2.44 

.77 
.45 
.58 
.31 
.42 
1.34 

L30 
.50 
.65 
.80 

2.44 
.72 

.06 
2.28 
L14 
.96 
.57 
.83 
L78 
1.18 

.36 
.92 
5.9t5 
3.85 
5.80 
7.75 
.29 
.85 
L63 
1.64 
.88 
.90 

2.20 



Percent. 

a64 
.22 
.46 

1.06 
.57 
.35 
.53 
.53 

kOl 
.93 
.29 
.60 

.48 
.44 
.41 
.89 
.29 
.41 

.10 

.88 
.02 
.48 
.61 
.88 



.16 
.84 
.66 



2.16 




.76 




.90 




3.96 


.285 


.78 


.28 


L22 


.36 


1.326 


.60 


3.87 


.20 


7.28 


.15 


4.74 


.216 


.426 


.184 


.615 


.18 


2.426 


.166 


.48 


.146 



• Dymond, The Essex Field Experiments, 1896-1901. Part I. Compiled lor the Sssex Technical Instnio- 
ten uDaunlUee. 
Jour. E»ex Tech. Laboratories, 3, m (1897). 
Dymo ' .-•••-- . . . -, 

Oi*^^ 
1907 
6 Ouide to Experiments at University Farm and other Centers in the Eastern oounUea, Cambridfe Unl- 



0.2. 



Dymond and Bull, the Essex Field Experiments, 1806-1903, No. 

Dyer and RoaUng, Rap. Field Expts., 1893-4, Essex Agricultwul Socien „ ^ 

Oulda to ExperioMots at Univ. Farm and other Centers In the Eastern Countlea, Cambridfa Unlvenlty, 



vanity. 1007 



Joanal Afriooltuna Soiaaoe, 2, 161 (1907). 
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County. 


Description and locality. 


Original 

sample 

No. 


Potash 
(K,0). 


Phos- 
phoric 
add 
(PtOO. 


Lime. 
(CaO). 


Magnesia 
(3gO). 


Cambridge 


Oxford clay aoUs 


Percent. 


Percent. 
LOO 
Lll 
1.09 
.236 
.278 
.47 
.443 
.47 


Percent. 
0.118 
.145 
.138 
.204 
.250 
.197 
.160 
.146 
.25 
.26 
.21 
.16 
.16 
.21 
.77 
1.02 
L24 
1.20 
.68 
1.23 
.10(( 
.087 
.12 
.11 
.13 
.13 
.13 
.12 
.06 
.07 
.08 
.17 

} .034 

.115 
.07 
.05 

.04 

.097 

.07 

.10 

.06 

.06 

.06 

.06 

.05 

.116 

.145 

.08 

.155 

.139 

.133 

.142 

.113 

.112 

.122 

.306 
.284 
.432 
.383 
.264 
.374 
.224 


Per cent. 
a323 
.322 
.306 
.066 
.085 
.34 
.26 
.16 
2.23 
L44 
LSO 
L02 
2.16 
2.12 
L20 
LOO 
.87 
1.24 
LOO 
2.00 
.306 
.265 


Percent, 
0315 




T/Ower grem sand soils 




.47 
.26 
.06 


T.fQ^nnhfi^ •, 






.125 
.34 
.17 
.14 




Fen soil 


I 
II 

ni 

I 
n 

I 

II 
III 

IV 
V 
VI 

1 

9 

1 
2 
3 
4 
5 
6 


.42 
.43 
.28 
.16 
.20 
.08 
.07 
.08 
.11 
.08 
.09 
.283 
.244 
.04 
.04 
.04 
.05 
.04 
.05 
.40 
.31 
.20 
.06 
/ .144 
\ .U4 
.072 
.27 
.33 

.80 

.263 

.60 

.36 

.40 

.33 

.28 

.39 

.30 

.54 

.57 

.50 

.66 

.50 

.54 

.49 

.50 

.66 

.65 

.604 
.550 
.458 
.602 
.532 
1.276 
.392 


.28 




MarahsoU 


.34 
.42 
.40 


Northumberiandft 


Farm near Crowland 

WemonsU Farm plot 

Iffinintitra PAimn 


.28 
.30 
.50 
.13 
.21 
.30 
.40 










Haneine Leaves 


























1 




.43 
.25 
.27 






Castle Steads 








Davy Houses 








East Tower Hill 








Peepy 




.48 

.45 
.33 
.28 

.31 

.286 

.m 

.44 
.44 
.39 
.37 
.55 
.42 
.60 
.67 
.53 
.62 
.•45 
.58 
.79 
.45 
.84 
.76 

2.95 
4.1»9 
2.54 
3.54 
.764 
.L48 
3.19 






Whitefleld 








Kimbles worth 








Rose Dank 








Cxickle Park: 

TowerHIll 








Back House.. . 








Tree Field 








Pallaoe Leas Field plot 

Cransley plot 


1 
2 

8 
12 
13 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
























Northampton^ 






Black soils: 

White Fen Benwick... 







... 






























IsleofElyd 










Little Port Fen. .. 








Wryde 








Loam, Wisbeck Fen 








Clays, Wryde 








Silts, Wryde 











• E. W. BeU, Chemical News, 68, 191 (1893), used HCl (S. 0. 1.16). 

R. H. Wilson, Chemical News, 70, 163 (1894). 

6 Somerville Agricultural Experiments, 5 years' work at the Northumberland County Demonstration 
Farm, 1902, pp. 62 and 167. 

Gilchrist, Bulletin 4, Armstrong College, Newcastle upon Tyne. 

Ninth Annual Report on Exp^iments, Counties of Cumberland, Durham, and Northumberland, 1900. 

OUohrist, Bulletin 8, County Agricultural Experiment Station, Newcastle upon Tyne. 

e Report on Experiments at Cransley, Northamptonshire in Seasons 1901, 1902, and 1903, Cambridge 
University. 

d First Annual Report of Experiments, 1897, Cambridge, and Counties Agrictiltoral Education Scheme. 

Guide to Experiments at Umyeisity Farm and other Coiters in the Eastern Counties, Cambridge, 1007. 
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Chemical oom'potUion of the $o%U of Oreat Britain and Ireland— Continued. 
ENOL AM D-Ckmtinued. 



County. 


DescrlpUon and locaUty. 


Orighial 
sample 


Potash 


PhOS- 

(PiO»). 


Lime 
(OaO). 


Macnesia 
(MgoT 


Isle of Ely 


SUfcs, Needham 


Percent. 


Percent. 
a 281 
.288 
.30 
.41 
.00 
.112 
.13 
.19 
.71 
.07 
.35 
.47 
.37 
.33 
.30 
.26 

.16 

.049 
.12 
.17 

.38 

.369 

.31 

.366 

.42 

.179 

.246 

.164 

.259 

.459 

.184 

.308 

1.13 
1.44 

.345 
.478 
.459 
.432 
.50 


Percent. 
a 245 
.192 
.10 
.30 
.062 
.057 
.16 
.18 
.248 
.13 
.00 
.13 
.05 
.05 
.05 
.17 

.146 

Trace. 

Trace. 

.37 

.34 

.258 

.30 

.254 

.45 

.466 

.908 

.370 

.402 

.134 

.255 

.223 

.119 
.111 

.143 
.101 
.094 
.192 
.126 
.244 
.151 
.194 
.180 
.177 
.217 
.109 
.132 
.136 

.133 
.253 
.084 
.048 
.038 


Per cent. 

1.56 

L57 

.54 

.60 

.47 

1.39 

1.43 

2.18 

1.50 


Percent. 


Qli^fff^S 




1 
2 






RaTlingham 




KorMk* 






Stanhoe 








Trowae plot 


3 




Sollbtke 




0.27 




Baxmundhani 






Pnrhani' 


Orange Hill plot 


10 

1 
11 

1 

11 
24 






Shield Ash plot 


.54 

.81 
.27 
.28 
.25 
.70 

.84 

.45 

5.49 

.80 

CaCO, 

4.17 

.195 
.165 
.125 
5&36 
12.21 
47.60 
42.35 
49.97 
.60 
25.55 
4.17 

.35 
.224 

7.91 
1.96 
3.70 

18.1 

12.2 

31.4 

14.84 

33.4 

37.7 

28.6 

30.9 

14.2 
.44 
.99 

2.52 
.019 
.061 

2.42 
.20 






Ro6e bftnk plot 


... 


Cnmbfrlaiwi « - 






Newlands Manor, Lymlng- 

ton. 
West Mark, near Petenfleld. 








Hampfffri'M f -- 


.46 






.20 


Oxford/ 


Wick. Farm: 

Headington. I 








.03 




Headington, II 




.19 


Berkshire/ 


Sutton's seed trial grounds, 
Reading. 

Chrlstohurch, AUotment 

Station, Warminster. 
Borhamroad, Warminster.. 




.10 


Yflltshtref T. 




.27 






.21 




Hormingshara 




.29 
.18 




Heytesbliry 




.13 




Codford allotment soil 








Chitterine allotment soils. . . 








Imber allotment 


1 
2 






Corsleyplot 










Clay soil, Warminster 








York warp soil 






KeiitJi 


London ofay: 

WhilsUble 








2.02 




Sheppey 




1.24 




Chalk soils: 

Wye 




.193 




Minster, Thanet 


.58 




Sutton-by- Dover ' 


.64 
.69 




Neoptian 


.62 




Wye Court 








WyeS. E. A.C 

Olanllgh 




















Wye 








Charing 


.623 
.64 
.479 
1.07 

.899 
.901 
.739 






East Lenham I 






Charing \ 






Qault soils: 

Bro"»k 








.040 




Westwoll 




.072 




Charing 













•Tesrbook College of Agriculture and Horiiculture, Holmes Chapel. Cheshire, 1904. 

kQolde to Experiments at University Farm and other Centers in the Eastern Counties, Cambridge 
Univenity, 1907. 

cRcpofx on Bxperiments at Bramlbrd and Saxmundham. 

'Sixth AnnaBi Report on Experiments in Counties of Cumberland, Durham, and Northumberland, 
1897. 

Tenth Annnal Report on Experiments in Counties of Cumberland, Durham, and Northumberland, 
1901. 

* Tenth Annual Report on Experiments In Cumberland, Durham, and Northumberland. 

/Qikhrift and Foulkes, Suppl. I, Jour. Extension College, Reading, 1896. 

i Report on Experiments, Wilts County Council, 1802, 1893, 1895. 

^ Hausnd Flyman, First Report on Chemical and Physical Study of the Soils of Kent and Surrey, 1908. 
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OMDty. 


DMcripttoa Mid looaUty. 


Original 

sample 

No. 


Potash 
(ICO). 


Phoa- 

phorio 

add 

(PtO»). 


Lime. 
(CaO). 


Magnesia 
(5K^ 


Kent 


QauU soils: 

Kast T^nham 


Percent. 


Percent. 

a837 
.915 

1.01 
.64 
.515 

.829 
.76 
.36 

.478 


Percent. 
a 12 
.16 
.131 
.199 
.182 

.065 
.098 
.061 
.066 
.063 
.078 
.097 
.116 

a 18 
.193 
.1«6 
.168 . 
.138 
.092 
.151 
.074 
.0696 


Percent. 


Percent. 




013.2 
.022 






Brook 








Kast i^^nham 




1.76 

lao 

.85 

.65 
.002 
.24 
2.4 
.057 
.03 
.078 
.19 

56.9 

39.0 

53.6 

6L4 
6.96 
.040 
.085 
.089 
.084 










Hothfleld 






Surroy* 


London clay: 

Wanboraugfa Station. . 








.36 




Ashtead Common 




L12 




Wyke 








Flexford . . . 








Stoughton 








WanDorough. .. 




.493 

.67 

.45 

a236 
.298 






Raynes Park 








Hoffsley 








Chalk soils: 

Seale 




a4p 




Fetcham 




2.81 




PiittAnhf^Tn 


















8uttoD. 




.265 
.068 






Oaolt soils, Alderholt 




.000 
















.394 









WALES. * 



Garden soil. 



a 142 



aao6 



CaO. 



L40 



a67i 



gCOTLAND.* 



Cleghom, near Lanark, plots I . . 
2.. 



Dnimford, Helensburgh . . . 

Easterboard, Croy. 

Birgidale Knock, Rothesay 

Tarves 

Wester Fintray, Kintore... 

Fedderate, Maud , 

Telloch, Lumphanan , 

Fasque, Fettercalm 



a 187 


0.104 


CaCOi. 


a44 


.116 


.126 


.82 


.237 


.45 


CaO. 


a 168 


.213 


.128 


.408 


.928 


.244 


.638 


.539 


.481 


.594 


.244 


.288 


.593 


.247 


.367 


.568 


.279 


.113 


.826 


.463 


.214 


.759 



IRELAND.d 



Cork 


Limestone soils. ShanaTany 


a464| 0.148 
.647 .156 

.884 .156 
.720 .167 

.846 .16 
.943 .13 

1 


8.088 
201 

.266 
.801 

1.666 
1.266 






Old red sandstone, Kiiieagn 




Wexford 


Silurian clay slate soils: 

Bally Carney 










Clonroohe 




TiDDerary 


Limestone sjIIs: 

Rockford 










St. Kieran's 











«TIall and Flyman. First Report on Chemktal and Physical Study of the SoUs of Kent and Surrey, 1101 
* Azmual Report Field Experiments, University College of Wales. 
'Reports on Experiments, 1893. Glasgow and West of Scotland Technical College. 
Reports on Experiments. 1895, Glasgow and West of Scotland Technical College. 
Reports on Experiments, 1903 and 1904, Aberdeen and North of Scotland Collwe of Agriculture. 
d a. C. Sheringham. 1st Annual Report of Field Experiments In Counties of Wexford, Cork, Tipperary, 
Mayo, Meath, ffhiTi tmi Queen't, laoST f^ r^r^n]^ 
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AI8NB.« 



Docrtpllon and locility. 


OrigiMl 
aunple 


Potash 
(KjO). 


Phospborto 
(PiO»). 


Lime 
(CaCO,). 


MagiMda 
(MgO). 


lAON. 




/^orcrat. 


Percent. 


PerteVL 


Per cent 


aenilly 




aa6 

.00 


0.00 
.11 


ILOt 
6.07 


•Lt07 


""""""J •••••••••••••••••-••• 


.003 






.22 


.07 


.62 


.004 


flhamhrv 




.20 
.21 


.18 
.09 


6.44 
7.46 


.004 


'""""""* .••••••••............... • 


:« 






.27 


.18 


M.U 






.28 


.14 


16.66 


.004 






.06 


.08 


.02 


.006 






.28 


.06 


.86 


.006 


B(K94e»€MnT 




.44 

.41 


.16 
.07 


1.76 
8.86 


:& 


^•**^" fc^'iaa^ ••■*•***••**"*■***"""***** 


• 




.67 


.06 


1.22 


.01 


GIvpj-ai-LMD-Dois 




.28 
.06 


.06 
.02 


.96 
2.88 


.06 




.02 






.22 


.07 


34.68 


.01 






.16 


.06 


.60 


■Z 






.34 


.08 


.82 






.25 


.10 


2.40 


.01 






.19 


.12 


7.64 


.01 






.27 


.10 


68 


.01 


Vacsei... 




.20 
.20 


.34 
.06 


6.66 
1.04 


.01 




.006 






.22 


.08 


.60 


:& 






.» 


.10 


1.96 






.06 


.06 


50.60 


.01 






.48 


.08 


9.86 


.01 


rifBini 




.38 
.12 


.06 
.04 


3.71 
3.62 


.03 




.006 






.ao 


.06 


.16 


.006 


Montberaull 




.87 
.20 


.08 
.06 


64.76 
2.43 


.M 




.01 






.47 


.10 


1.10 


.06 






.07 


.04 


.18 


.005 






.42 


.11 


ia40 


.16 






.82 


.05 


4.09 


.005 






.20 


.06 


.71 


.04 


ChtmBiT 




.16 


.02 


.64 


.02 


^^^'•^•"^••••*' ••••••••••-••••••••••••••••• 




.47 


.07 


2.24 


;8 






.16 


.08 


.64 






.28 


.07 


.96 


.01 






.26 


.03 


29.20 


:& 






.21 


.07 


7.88 






.52 


.03 


.76 


.01 






.70 


.26 


7.06 


.03 






.71 


.10 


87.00 


.005 


Urael 




.10 


.03 


.00 


.01 






.22 


.09 


4.64 


.18 






.25 


.05 


.17 


.003 






.80 


.00 


1.12 


.016 






.12 


.04 


81.81 


.006 


QuIiioj-BaMe 




.10 


.06 


1.06 


.006 






.26 


.07 


2.68 


.05 






.16 


.06 


.88 


.03 


Lmdriooort 




.10 
.26 


.06 
.07 


1.06 
2.68 


.006 




.05 






.80 


.06 


.46 


.03 






.80 


.06 


.92 


.01 


HmMDoomt 




.30 
.18 
.57 


.10 
.06 
.06 


1.72 

190 

.76 


:%. 




.27 






.18 


.06 


39.70 


.01 


rwmbfmj 




.25 


03 


L60 


.01 






.12 


.04 


.06 


.08 






.22 


.08 


2.93 


.06 






.15 


.03 


.33 


.003 






.11 


.04 


L70 


.03 






.15 


.05 


.50 


.01 


LenfllT-floas Ooocy 




.22 


.00 


1.76 


.006 


■^vrvaasB^ »^»»^y ■^i^^T'^^^r^ ••••••••••••---••••, B.,.*^ 




.24 


.10 


2.00 


.003 






.26 


.06 


.88 


.005 






.23 


.06 


.87 


.003 


Okwy-ta^Moot 




.23 


.12 


4.94 


.01 






.27 


.07 


.26 


.01 






.29 


.11 


, .68 


.02 
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Chemical oompotitum of the aaiU of /Vance— Continued. 
AI8NB— OonUnued. 





Orlginia 
No. 


Potash 

(KK». 


Phosphoric 

■ad 

(PtO») 


Ume 
(CiiCO.) 


1 

MapflBU 
(MkO). 


LAON-contlnued. 




Per cent. 


PereetU. 


Pereeiu. 


Perettu. 


Cracv-Mi-Mont 




026 
.19 


ao8 

.08 


0.M 
51.20 


0.89 


%^S^M/^ ^W9%M mtm^^MMW ••••••••••••••••••••••"" 


.01 






.47 


.00 


7.96 


.01 






.50 


.07 


.72 


.02 






.16 


.04 


2.30 


.01 


Pont-Sftint M ard 




.18 
.25 


.06 
.06 


.24 
.52 


.006 


jk s#Miy^k7— **• *B»^»»** •• •••••••••••••••••■■••-- 


.006 






.20 


.06 


32.30 


.03 






.30 


.03 


.17 


.006 






.» 


.06 


.84 


.005 


Vaadflssoa 




.17 
.21 


.06 
.06 


.72 
17.06 


.02 




.01 






.38 


.10 


.18 


.08 






.19 


.06 


.41 


.m 






.33 


.06 


.18 


.004 






.25 


.06 


1.00 


.47 


C0UVf8U68 




.55 
.18 


.13 
.02 


2.12 
81.20 


.006 




.006 






.27 


.06 


.40 


.006 






.39 


.03 


3.23 


.006 






.26 


.04 


.16 


.02 






.38 


.00 


.79 


.07 






.31 


.00 


.86 


.06 


Merdn 




.20 
.22 


.00 
.11 


.72 
.73 


.01 




.01 






.28 


.06 


1.00 


.01 






.23 


.04 


.36 


.004 






.22 


.04 


a 14 


.04 






.06 


.13 


.65 


.01 






.24 
.19 


.24 
.15 


7.06 

ia2i 


.004 




.005 






.13 


.09 


laeo 


007 






.30 


.19 


33.92 


.006 






.15 


.19 


ia48 


.006 






.45 


.13 


38.70 


.006 






.18 


.06 


9.84 


.01 






.29 


.16 


63.80 


.007 






.26 


.09 


14.40 


.007 






.23 
.14 


.09 
.07 


iai2 

1.34 


.006 




.01 






.28 


.11 


35.50 


12 


B4fT7-4Mi>Bao 




.37 


.16 


49.20 


.09 






.32 


.21 


25.00 


.03 






.30 


.12 


23.00 


.04 


Qemloourt 




.29 
.09 


.10 
.02 


4.82 

.68 


.01 




.006 






.14 


.03 


9.90 


.006 






.27 


27 


i0.70 


.06 






.17 


.07 


75.90 


.01 


Cleniiont-les-Fernie 8. 




.25 
.37 


.10 
17 


.57 
i>.00 


.08 


^'■^^ ■•■^^•»W^«%^»^» **• *««^ir«*^ ••••«•••*•■•••••••••••• 


.01 






.20 


.11 


1.28 


.003 






.30 


.12 


.M9 


.002 






.31 


.08 


.98 


.003 






.35 


10 


45 


003 






.25 


.08 


36 


.04 






.21 


.OS 


16 


005 






.43 


.10 


.80 


.004 


|£t88y.le8-Pi6]TepOIlt 




10 


.06 


.29 


.006 






.27 


.16 


2.24 


.006 






.40 


.07 


2.66 


07 






.29 


.06 


.88 


08 






.28 


.09 


.70 


02 


Ormndlap 




.35 


.13 


^.94 


01 






.21 


.08 


3.20 


01 






.24 


.06 


.28 


01 






.40 


.14 


1.68 


01 






.38 


.14 


3.06 


01 






15 


.09 


1.63 


.01 


Frierw-Falllouei 




19 


.08 


1.70 


006 






29 


.09 


&16 


01 






30 


.07 


.38 


.10 






.85 


.09 


5.46 


.005 




10 


.33 


07 


2.32 


.01 
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Chemical compoiition of the soils q/" -France— Continued. 
AISNE— Continued. 



Description and locality. 


Original 

sample 

No. 


Potash 
(K,0). 


Phosphoric 

acid 

(PiO»). 


Lime 
(CaCO,). 


Macnesia 
iSgO). 


LAON— continued. 




Percent. 


Percent. 


Percent. 


Percent. 


Lies 


1 
i 


a25 
.32 


0.11 
.07 


3.06 
6.24 


a005 




.01 




6 


.22 


.08 


3.18 


.004 




8 


.18 


.11 


39.60 


.01 




10 


.20 


.11 


L05 


.006 




12 


.18 


.20 


.36 


.01 




14 


.24 


.08 


L33 


.01 


Cbftrmes 


1 
3 


.47 
.25 


.11 
.07 


.58 
2.62 


.003 




.02 




5 


.58 


.13 


6.28 


.004 




7 


.15 


.09 


1.56 


.004 




9 


.27 


.09 


1.60 


.01 




12 


.85 


.12 


7.04 


.01 


Rogeoooit... 


1 


.28 
.13 


.10 
.08 


3.08 
2.03 


.05 




.07 




5 


.24 


.08 


3.14 


.01 




8 


.28 


.09 


1.13 


.006 




9 


.23 


.04 


3.68 


.02 


presMuiooort 


I 


.28 
.29 


.08 
.08 


.52 
L96 


.02 




.05 




5 


.26 


.10 


2.32 


.006 




7 


.28 


.10 


5.84 


.005 


FMiooQsy... 


1 
4 


.31 
.37 


.10 
.15 


4 50 
3.40 


.04 




.06 




5 


.32 


.20 


65.50 


.003 




6 


.34 


.09 


.72 


.04 




S 


.60 


.18 


28.80 


.004 




10 


.22 


.11 


2.40 


.08 




12 


.30 


.14 


19.70 


.02 




14 


.35 


.87 


62.00 


.01 


CbeTrasls-Monoeau 


1 
3 


.28 
.22 


.10 
.10 


5.10 
33.88 


.01 




.005 




.5 


.08 


.05 


35.08 


.01 




7 


.25 


.10 


16.65 


.004 




9 


.05 


.10 


48.30 


.004 


Onigles ^ 


1 


.34 


.08 


.26 


.01 




4 


.35 


.14 


4.76 


.01 




6 


.45 


.06 


8.22 


.005 




8 


.27 


.04 


41.44 


.006 




9 


.24 


.08 


.46 


.006 


Creianey 


1 


.20 


.06 


84.20 


.02 




6 


.29 


.03 


.54 


.01 




7 


.47 


.10 


8.26 


.02 




11 


.33 


.09 


ia20 


.01 


Epirdf 


3 


.21 
.26 


.07 
.06 


L15 
.28 


.006 




.01 




6 


.27 


.06 


.78 


.02 




9 


.48 


.07 


16.08 


.01 




11 


.21 


.06 


.68 


.02 




13 


.19 


.05 


1.60 


.02 


Totct...... 


1 
3 


.19 
.09 


.05 
.Oi 


.68 
L28 


.006 




.006 




5 


.18 


.06 


8.91 


.04 




7 


.26 


.08 


3.30 


.08 




9 


.20 


.05 


.61 


.01 




11 


.35 


.05 


.06 


.02 


Poufii v>«ur-SefTe 


1 
3 


.23 
.35 


.16 
.Oi 


2.19 
.45 


.004 


A TfUm J TBI** mi^^^m m-^^ •■•••••••••••••••••••»•«•»«. 


.003 




5 


.25 


.04 


6.24 


.005 




7 


.32 


.04 


.34 


.005 







.30 


.23 


8.00 


.004 




10 


.30 


.06 


33.93 


.005 




13 


.65 


.06 


3.25 


.003 


Mouvion et CatUlon 


1 


.33 


.03 


.80 


.005 




3 


.39 


.10 


.60 


.003 




5 


.43 


.05 


1.70 


.01 




6 


.42 


.11 


1.42 


.005 




8 


.30 


.08 


.48 


.006 




10 


.30 


.09 


.70 


.006 




12 


.37 


.07 


L28 


.01 




13 


.35 


.07 


.48 


.01 




15 


.24 


.12 


63.20 


.005 


if^ahrMVMirt-Ricliecourt 


J 


.35 


.11 


4.20 


.006 


MWJW^Vnu ir*******.^*^*** ».,......•..•.••..•.., 


a 


.37 


.14 


.38 


.008 
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REPORT OF NATIONAL CONSERVATION COMMISSION. 



Ckemioal compoiitian ^tke ioiU of i'Vaiioe— Continued. 
AISNE— Contliiaed. 



Description and lociaity. 


Orif^nal 
•ample 


Potash 
(KK)). 


Phosphoric 

add 

(PiO.). 


Lime 
(CaCC). 


MacneaU 


LA ON —continued. 
















Percent. 


Percent. 


Pereent. 


Percent. 






ass 


a08 


0.39 


0.01 






.32 


.13 


1.18 


.01 






.20 


.11 


49.00 


.01 






.46 


.05 


1.30 


.006 






.44 


.11 


1.24 


.01 






.51 


.10 


.39 


.01 






.27 


.12 


1.16 


.006 


Lft Ferte-Ctaeviesis 




.34 
.46 


.08 
.11 


2.68 
1.16 


.01 




.01 






.38 


.13 


.74 


.01 






.30 


.11 


28.44 


.004 






.37 


.19 


46.16 


.01 






.31 


.12 


1.96 


.005 






.60 


.16 


.67 


.006 






.32 


.11 


9.98 


.01 


Vftleoourt 




.33 
.67 


.20 
.06 


66.45 
2.60 


.006 




.006 






.39 


.07 


3.94 


.01 






.37 


.10 


.66 


.61 






.32 


.08 


36.80 


.01 






.37 


.00 


1.24 


.01 


Pargny-les-Bols 




.32 


.Oi 


.30 


.01 






.13 


.13 


68.00 


.01 






.42 


.10 


1.06 


.01 


Boi»-lea-Pupiy 




.33 


.05 


.28 


.06 






.48 


.08 


.84 


.004 






.21 


.00 


.38 


.01 






.34 


.07 


.64 


.01 


Brkm 




.14 
.29 


.08 
.08 


1.36 
.62 


.01 




.01 






.28 


.09 


.46 


.003 






.30 


.07 


.37 


.01 






.24 


.05 


.70 


.02 






.15 


.14 


62.45 


.04 


Karoy 




.20 
.30 


.04 
.15 


.32 
87.00 


.003 




.003 






.36 


.12 


.60 


.10 






.27 


« 


.41 


.006 


VajreoDe 




.23 


.68 


.01 






.37 


.13 


.18 


.01 






.31 


.12 


7.88 


M 






.27 


.14 


16.53 


.01 






.28 


.18 


7.96 


.01 


Marie 




.42 
.31 


.16 
.07 


.85 
1.00 


.006 




.01 






.41 


.09 


.70 


.02 






.23 


.07 


.80 


.02 






.47 


.14 


.80 


.01 


Hourr 




.42 
.60 


.09 
.18 


1.18 
1.44 


.01 


**''*** J *•**•••••*••••*•*•••*••*••••***••••*•*• 


.01 






.27 


.10 


1.65 


.02 






.48 


.13 


2.96 


.01 






.35 


.00 


4.78 


.01 






.61 
.30 


.15 
.16 


.76 
1.47 


.006 




.005 






.63 


.23 


.64 


.007 






.34 


.13 


1.30 


.006 






1.30 


.80 


.70 


.006 


Oronard 




.33 
.20 


.06 
.07 


1.04 
.66 


.08 




.003 






.28 


.03 


1.84 


.006 


Acnloourt et SeoboUes 




.28 


.11 


3.00 


.02 






.28 


.26 


&08 


.01 






.30 


. .10 


1.18 


.01 






.26 


.18 


Z55 


.01 






.25 


.25 


63.50 


.02 






.51 


.15 


.68 


.01 






.30 


.10 


.32 


.01 






.21 


.17 


87.00 


.01 


IfontloiM 




.23 

.28 


.07 
.09 


.32 
.68 


.01 




.01 






.45 


.08 


.78 


.01 






.21 


.16 


86.00 


.68 






.35 


.17 


1.68 


.04 
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Chemical composUion of the ioiU of /Vonce— Continued. 
AISNE-Contiiiaed. 



Description and locaUty. 


Original 

sample 

Na 


Potash 
(K,0). 


Phosphoric 

aai 

(PfO,). 


Ume 
(CaCOi). 


MagnesU 
(MgO). 


LAOX— ontlnnrd. 




Percent. 


Percent. 


Percent. 


Percent. 


Noiroourt 


1 
3 


U.-.3 
.50 


aob 
.08 


5.88 
.36 


0.01 




.006 




5 


.29 


.06 


3.56 


.02 




7 


.41 


.11 


13.50 


.008 




11 


.15 


.16 


38.00 


.006 




12 


.40 


.08 


.96 


.01 




14 


.14 


.10 


1.97 


.02 




16 


.14 


.06 


1.36 


.03 




18 


.36 


.06 


.48 


.M 




1 
3 


.39 
.23 


.18 
.07 


26.50 
.50 


.004 




.005 




5 


.41 


.10 


.72 


.01 


Ebouleau 


1 
3 


.52 
.39 


.08 
.07 


.25 
.40 


.004 




.004 




5 


.25 


.09 


.14 


.007 




7 


.28 


.05 


42.00 


.007 


BiKY<lea-PlarreDont 


3 


.lb 
.24 


.06 
.08 


.14 
29.50 


.008 


m^^^^0^ w%^^ ^^ w^^ 9\^^^rm*w •• ••••••••••••••••••••••• 


.004 




5 


.20 


.07 


.52 


.02 




7 


.44 


.08 


.42 


.01 




9 


.39 


.07 


.34 


.008 




11 


.40 


.06 


.44 


.01 




13 


.27 


.02 


.12 


.004 




15 


.37 


.08 


.72 


.01 


Boncouft 


1 
3 


.25 
.29 


.09 
.07 


.28 
.26 


.12 




.03 




5 


.28 


.10 


.48 


.01 




7 


.28 


.08 


.80 


.11 


LaDDion 


1 
3 


.30 
.14 


.11 
.04 


47.00 
.22 


.02 


M^myy^v^M, ........•.•••.•. • 


.01 




5 


.23 


.04 


.12 


.02 




6 


.26 


.06 


.28 


.02 




8 


29 


.07 


.24 


.02 




10 


.28 


.16 


94.70 


.19 




13 


.37 


.04 


.04 


.03 


LaBelTp 


1 
2 


.32 
.14 


.04 
.08 


1.84 
48.00 


.02 




.007 




3 


.26 


.07 


.78 


.02 


Sinonne 


1 
3 


.24 
.33 


.21 
.07 


43.00 
9.20 


.006 




.004 




4 


.24 


.09 


.80 


.004 




6 


.24 


.13 


23.22 


.003 




6 


.28 


.15 


15.64 


.007 




7 


.30 


.50 


16.19 


.003 




8 


.49 


.32 


ia7i 


.005 




9 


.14 


.06 


.52 


.004 




10 


.12 


.04 


.24 


.004 


Macbflconrt 


1 
3 


.29 
.35 


.12 
.03 


49.00 
.80 


.009 




.006 




6 


.39 


.11 


1.40 


.002 




7 


.44 


.06 


1.96 


.01 


Chi VTQ9 


1 
3 


.47 
.24 


.17 
.14 


2a 00 
46.60 


.004 




.008 




4 


•23 


.a-i 


.24 


.01 




6 


.41 


.19 


5.64 


.23 


UMse 


1 
1 


27 
.20 


.04 
.08 


1.63 
.52 


.004 


Qitf 


.009 




3 


.47 


.04 


.38 


.007 




5 


.30 


.06 


.20 


.01 




7 


.27 


.09 


.68 


.02 


Samoussy 


1 


.37 


.06 


.24 


.008 




4 


.27 


.14 


30.75 


.01 




6 


.24 


.10 


2.fi0 


1 




8 


.23 


.17 


26.00 


Manoeau-le-Waast 


1 
3 


.25 
.19 


.06 
.14 


2.97 
3.25 


.01 




.03 


Athles 


1 
2 


.38 
.40 


.12 
.06 


.52 
.28 


.01 




.01 




4 


.23 


.09 


1.00 


.004 




6 


.22 


.07 


.K) 


.007 




8 


.29 


.06 


14.00 


.Oro 




9 


.27 


.03 


64 


.f04 


Rdms 


1 
2 


.31 
.30 


.09 
.CO 


86 00 
8.00 


.oro 


■'Ff*" •••••••* •■ ••... 


.0C6 
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Chemical campogitwn of the soils of France — Continued. 
AISNE— Continued. 



Description and locality. 


Originai 

sample 

No. 


Potash 


Phosphoric 

add 

(PiO»). 


Lime 
(CaCOi). 


Magresia 
(MgO). 


LAON— continued. 
















Per cent. 


Percent. 


Percent. 


Percent. 




1 
3 


0.16 
.45 


0.04 
.08 


aao 

.42 


aoos 


^.rtnm^j M%^-j^^y%xi ............................. 


.004 




5 


.19 


.07 


.36 


.01 




6 


.21 


.03 


.30 


.001 




8 


.47 


.17 


7.30 


.01 




9 


.29 


.09 


35.50 


.008 




10 


.25 


.09 


2.10 


.OOS 


Festieuz 


1 
3 


.16 
.25 


.03 
.07 


.16 
10.50 


.004 




.006 




4 


.29 


.13 


25.44 


.006 




5 


.50 


.06 


1.50 


.007 


Vedud 


1 
3 


.19 
.18 


.04 
.03 


.24 
.04 


.OIB 




.08 




4 


.33 


.05 


.88 


.004 




6 


.35 


.13 


20.00 


.01 


Parfondru 


1 
2 


.32 
.52 


.10 
.15 


.16 
2.88 


.007 




.01 




5 


.26 


.05 


5.40 


.02 


Bruyeres. 


1 
1 
3 


.14 
.32 
.27 


.05 
.07 
.03 


.24 
1.00 

.84 


.02 


Arrancy 


.008 




.007 




6 


.21 


.05 


10.88 


.006 


Ployart 


1 
3 


.24 
.44 


.11 
.06 


.63 
3.37 


.007 




.01 




5 


.18 


.10 


2.40 


.01 


Vaureseine 


1 
3 


.37 
.33 


.09 
.06 


20.00 
10.00 


.007 




.C2 




5 


.24 


.12 


.40 


.006 


Montchalons 


1 
3 


.40 
.32 


.16 
.10 


.60 
8.40 


.008 




.006 




6 


.82 


.04 


.20 


.006 


Cheret 


1 
2 


.36 
.36 


.07 
.07 


47.00 
19.00 


.02 




.02 


Orgeval 


1 
4 


.25 
.27 


.06 
.14 


1.40 

.84 


.007 




.004 


Bievres 


1 
3 


.26 
.36 


.10 
.17 


.44 
20.00 


.08 




.01 




4 


.28 


.10 


11.00 


.006 


Martigny 


1 
3 


.36 
.33 


.07 
.07 


1.10 
13.06 


.007 




.06 




4 


.39 


.12 


13.18 


.31 




5 


.40 


.07 


.46 


.08 


Monampteuil 


1 


.20 


.07 


.99 


.002 




3 


.27 


.05 


.19 


.006 




5 


.20 


.07 


.23 


.004 




7 


.19 


.07 


.24 


.006 




9 


.34 


.07 


.45 


.006 


Braisne 


1 
3 


.23 
.28 


.67 
.06 


.60 
.48 


.05 




.02 




6 


.20 


.06 


.84 


.02 




7 


.17 


.12 


7.00 


.01 


Brenelle 


1 
1 
3 


.35 
.34 
.47 


.04 
.05 
.06 


.48 
.78 
1.66 


.01 


Couroelles 


.01 




.03 




5 


.24 


.08 


1.26 


.03 




7 


.28 


.05 


65.00 


.01 




8 


.16 


.04 


27.00 


.01 




10 


.20 


.07 


.44 


.01 


Lime 


I 
3 


.32 
.23 


.05 
.05 


.74 
.26 


.03 




.01 




5 


.31 


.07 


.42 


.01 




7 


.64 


.07 


.70 


.01 




9 


.32 


.91 


29.00 


.01 


Qulncy-sous-Le-Mont et Bruyeres 


2 


.26 


.05 


.30 


.02 




4 


.27 


.06 


.41 


.005 




6 


.24 


.09 


.56 


.01 




8 


.22 


.05 


.58 


.01 


Laffaux 


1 
3 


.24 
.37 


.05 
.07 


1.09 
1.90 


.006 




.OOP 




5 


.22 


.06 


.52 


.OOT 


NeuvUle-siir-Margi val 


1 


.42 


.07 


.48 


.01 




3 


.29 


.06 


.30 


.005 


Temy-Sorny 


1 


.36 


.06 


1.42 


.CC6 




3 


.39 


.12 


21.20 


.006 




5 


.38 


.06 


1.22 


.003 






.26 


.06 


.42 


.004 




9 


.30 


.07 


^ -72 


1 .02 
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Chemical compoiitUm of the ioiU of Prance — Continued. 
AISNB— Continued. 



Description and locality. 



Original 

sample 

No. 



Potash 
(KiO). 



Phosphoric 

acid 

(P«0»). 



lime 
(CaCOi). 



Magnesia 
(MgO). 



LAON— continued. 
MarglTal 

VoiUery et Braye^ous-Clamecy. 
Vmemontoire 

Bozancy 

Aoonin 

Cutry 

CcBuvreaet Valaery 

Sainfc-PIerre-Aigle 

Laverslene 

Dommiers 

Bemy-RiTi^e 

Nouvron 

Morsain 

Vezaponin 

Selens 

Saint- Aubtn 

Trosly-Lolre 



Vfllequler- Aumont . 



Landouzy-la-Cour . 



Vervins 

PontaiDe-le»-VerviiL>. 



Pit cent. 
a28 
.•18 
.28 
.28 
.26 
.28 
.24 
.29 
.16 
.20 
.16 
.27 
.33 
.31 
.81 
.33 
.30 
.32 
.37 
.3 
.38 
.66 



Ptreent, 
0.06 
.06 
.06 
.06 
.06 
.07 
.13 
.00 
.07 
.09 
.06 
.04 
.06 
.06 
.07 
.06 
.09 
.06 
.16 
.05 
.07 
.07 
.06 
.06 
.06 
.07 
.12 
.06 
.03 
.07 
2.02 
.06 
.06 
.10 
.12 
.14 
.06 
.09 
.06 
.06 
.01 
.05 
.07 
.06 
.05 
.05 
.03 
.05 
.28 
.06 
.06 
.06 
.04 
.06 
.05 
.06 
.06 
.06 
.07 
.03 
.09 
.07 
.05 
.82 
.06 
.05 
.05 
.11 
.06 
.10 
.09 
.08 
.OS 
.11 
.10 
.10 



Percent. 

3.68 

2.02 

.82 

81.00 

3.68 

.34 

5.10 

.72 

18.20 

.82 

.60 

.98 

1.70 

.40 

3.41 

9.70 

1.10 

.86 

.40 

.10 

.24 

1.88 

.48 

.20 

.24 

54.00 

2.24 

.36 

.48 

.24 

.28 

.28 

.20 

.36 

41.90 

17.00 

.73 

.66 

.45 

&09 

86.70 

2.16 

.70 

2.23 

&44 

33.04 

.60 

.30 

1.48 

44.00 

3.00 

.61 

1.18 

1.06 

2.80 

2.27 

.68 

1.G2 

.82 

9.96 

2.08 

.78 



.11 
.10 

Digitized by 



Percent. 
a 01 
.01 
.005 
.003 
.005 
.008 
.02 
.01 
.03 
.03 
.007 
.01 
.01 
.006 
.03 
.01 
.01 
.08 
.006 
.006 
.01 
.01 
.004 
.01 
.006 
.01 
.006 
.01 
.007 
.01 
.005 
.01 
.01 
.06 
.003 
.003 
.01 
.01 
.003 
.02 
.004 
.007 
.005 
.005 
.01 
.01 
.01 
.01 
.01 
.01 
.03 
.01 
.03 
.05 
.06 
.04 
.05 
.06 
.06 
.06 
.05 
.03 
.01 
.004 
.006 
.01 
.01 
.01 
.01 
.01 
.01 
.007 
.006 
.01 
.007 
.01 
.60 .08 

Xoogr 



.38. 
.82 
.38 

2.30 
.64 
.38 
.*0 
.20 

1.00 
.32 
.20 

1.28 
60 
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Chemical oompondon 0/ the soils of France — Continued. 
AI8NE— Continofld. 



Description and locality. 


Original 

sample 

No. 


(KsO). 


Phosphoric 

acid 

(PiO,). 


Lime 
(CaCC). 


Magnesia 
(MgO). 


LAON— continued. 
















Percent. 


Percent. 


Percent. 


PereenL 


Fontain^les-Vervins 


4 

6 


a33 
.32 


aiu 

.07 


a68 

2.20 


aOOB 




.006 




8 


.40 


.10 


1.84 


.007 


Lalmv. . 


1 
8 


.29 
.30 


.04 
.10 


.44 

.80 


.001 




.006 




6 


.30 


.11 


9.44 


.01 


Haution 


1 
3 


.31 
.26 


.08 
.09 


L24 
.32 


.006 




.007 


Voulpalx 


1 
2 


.31 
.66 


.09 
.07 


.56 
.36 


.008 




.007 




3 


.24 


.08 


1.24 


.01 




5 


.28 


.09 


.88 


.001 


Marfontaine 


1 
2 


.31 
.24 


.17 
.06 


1.96 
.36 


.01 




.01 




4 


.28 


.09 


.52 


.004 


Rouireries 


1 
1 

1 
4 


.33 
.25 
.47 
.30 


.09 
.05 
.10 
.05 


.92 
.35 
1.68 
.15 


.006 


SSte.^;;:::::::::::::::::::::. :.:::.:::.. 


.01 


Nouvion 


.006 




.006 


lAval 


3 

6 


.27 
.12 


.10 
.06 


.56 
.60 


.006 




.02 


Honthenault 


1 
3 


.54 
.46 


.07 
.07 


.52 
.16 


.006 




.005 




6 


.40 


.04 


.72 


.094 




7 


.40 


.06 


.06 


.004 




8 


.35 


.04 


1.64 


.006 


ChamouiUe 


1 
2 


.32 
.38 


.10 

.08 


2.56 

6weo 


.06 




.006 


Courteoon 


1 
3 


.27 
.26 


.06 
.06 


.36 
.70 


.006 




.02 




5 


.26 


.06 


.48 


.003 




7 


.37 


.17 


.96 


.007 




10 


.33 


.08 


1L£0 


.03 


Fancy 


1 
3 


.24 
.52 


.02 
.09 


.20 
.52 


.007 




.01 


CoUlgis 


1 
3 


.52 
.58 


.07 
.05 


.84 
9l96 


.01 




.007 


Qrandela n 


1 

4 


.28 
.29 


.05 
.07 


.24 
.22 


.007 




.01 




6 


.33 


.05 


.18 


.006 


Tnicy 


1 


.36 


.07 


.28 


.003 




3 


.33 


.03 


.20 


.004 


Lierval 


1 
2 


.32 

.56 


.06 
.12 


19.86 
8.52 


.22 




.01 


Lwdins 


1 
3 


.34 
.30 


.14 
.16 


.44 
56.40 


.01 




.004 




5 


.30 


.08 


2.80 


.02 




7 


.38 


.13 


1.44 


.01 


Levwgies 


1 
4 


.27 
.27 


.10 
.07 


18.04 
2.04 


.02 




.02 




6 


.36 


.09 


.92 


.01 




8 


.37 


.10 


.54 


.01 


Guoy 


1 
3 


.39 
.59 


.07 
.14 


a 70 
.76 


.01 




.006 




5 


.40 


.12 


.76 


.01 




7 


.17 


.12 


42.40 


.01 




8 


.61 


.12 


1.08 


.006 




10 


.50 


.10 


.60 


.01 




12 


.51 


.09 


1.76 


.004 




14 


.44 


.09 


11.92 


.01 




16 


.38 


.10 


.64 


.01 


Prouvais 


1 
3 


.22 
.29 


.08 
.06 


.68 
2.80 


.007 




.02 




6 


.40 


.22 


32.70 


.01 




7 


.21 


.24 


34.00 


.01 




9 


.46 


.30 


52.00 


.02 




10 


.22 


.15 


7.44 


.01 


Molincbart 


1 
3 


.36 
.27 


.09 
.04 


a 40 
.32 


.m 




.005 


Clacy.... 


5 

1 
3 


.38 
.30 
.32 


.09 
.11 
.23 


44.50 
6.40 
2.06 


.01 


Merlleux 


.02 




.03 
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Chimieal compotiHon of the boUs of France — Continued. 
AI8NE— Continued. 



Description and locality. 



Original 

sample 

No. 



Potash 
(KK)). 



Phosphoric 

add 

(PK)»). 



Lome 
(CaCOi). 



Haen< 
(Mg( 



gO). 



LAON— continu<«l . 

Merlleux 

Montbavin et Montarsene 



Barisls. 

Mont-Saint-Martin 

Neslea 

Nogentei 

Btampes 

CUerry 

Foasoy 

Serauooort-Le-Orand 

Happenoonrt 

Artemps 

Clastres 

Onise 

Lesquiellea-Saint-Oennain. 

VieUAicy 

Dhoisel 

Longpont 

CoavTon 

BarentoQ-Cel 



Aalandry.. 



Per cent. 
a38 
. .82 
.87 
.26 
.19 
.28 
.28 
.20 
.22 
.38 
.28 
.20 
.42 
.80 
.36 
.45 
.23 
.38 
.20 
.26 
.28 
.24 
.40 
.72 
.24 
.20 
.40 
.77 
.17 
.33 
.28 
.20 
.60 
.28 
.44 
.42 
.38 
.47 
.30 
.32 
.20 
.64 
.40 
.30 
.27 
.46 
.36 
.31 
.36 
.14 
.25 
.14 
.47 
.30 
.25 
.65 
.30 
.35 
.43 
.34 
.31 
.34 
.17 
.21 
.51 
.35 
.80 
.14 
.61 
.41 
.40 
.82 



Pereera. 

ao6 

.04 
.07 
.05 
.04 
.04 
.05 
.08 
.06 
.06 
.06 
.05 
.00 
.10 
.00 
.06 
.06 
.06 
.06 
.05 
.10 
.06 
.23 
.00 
.12 
.15 
.20 
.08 
.12 
.06 
.14 
.06 
.00 
.21 
.15 
.22 
.10 
.13 
.10 
.05 
.08 
.11 
.00 
.03 
.56 
.07 
.12 
.10 
.07 
.07 
.07 
.10 
.25 
.07 
.07 
.16 
.07 
.11 
.06 
.00 
.16 
.12 
.18 
.07 
.10 
.00 
.00 
.19 
.08 
.07 
.00 
.12 



Percent. 

a 16 

.16 

.62 

.76 

.40 

.12 

.22 

27.00 

.64 

1.00 

22.00 

1.08 

6.70 

1.04 

1&60 

.48 

.48 

.28 

.20 

.60 

.80 

32.00 

5.80 

1.36 

7.50 

15.92 

20.00 

17.46 

13.74 

, 14.06 

8.53 

.10 

1.08 

8.24 

8.23 

31.00 

8.64 

2.98 

1.56 

.60 

.20 

2.64 

.70 

.24 

45.00 

.72 

8.04 

.00 

1.40 

.40 

16.00 

3.16 

13.60 

.60 

.76 

1.00 

.92 

1.10 

1.00 

16.80 

4.06 

5.88 

58.00 

.20 

2.62 

&70 

1.62 

72.00 

.60 

14.00 

1.60 

2.10 



Percent. 
a003 
.003 
.01 
.01 
.01 
.01 
.01 
.02 
.007 
.004 
.005 
.003 
.02 
.007 
.01 
.01 
.02 
.004 
.005 
.003 
.01 
.02 
.01 
.04 
.006 
.08 
.01 
.03 
.006 
.02 
.02 
.02 
.01 
.007 
.008 
.02 
.01 
.01 
.01 
.005 
.02 
.03 
.007 
.003 
.01 
.01 
.01 
.003 
.003 
.002 
.002 
.003 
.002 
.004 
.003 
.002 
.004 
.005 
.004 
.002 
.04 
.03 
.02 
.04 
.01 
.02 
.007 
.006 
.003 
.009 
.004 
.01 
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Chemical composUion of the boUs of France — Continued. 
AISNE— Continued. 



Description and locality. 



LAON -continued. 
Cessieres 

Guivry 

Berianoourt 

NeuYiUe-Saint Amand 



Remauoourt 

Vauzresis 

Cuisy en Almont 



Orifinal 

sample 

No. 



Potash 
(K,0). 



Percent. 
0.28 
.33 
.45 
.84 
.27 
.24 
.33 
.38 
.43 
.27 
.23 
.36 
.41 
.49 
.43 
.45 
.33 
.35 
.40 
.53 
.38 
.47 
.37 
.34 
.34 
.41 
.31 



Phosphoric 

acid 

(PiO»). 



Per 



cent. 
0.12 
.06 
.06 
.07 
.07 
.06 
.09 
.06 
.09 
.09 
.11 
.09 
.06 
.12 
.08 
.16 
.07 
.07 
.09 
.18 
.16 
.13 
.12 
.22 
.07 
.09 
.07 



Lime 
(CaCC). 



Percent. 

0.66 

.36 

.62 

.36 

.40 

.48 

.72 

1.20 

2.20 

6.50 

16.00 

2.68 

.20 

2.00 

2.16 

47.00 

8.02 

1.40 

L60 

1.00 

3.36 

1.62 

2.62 

39.60 

.64 

.24 

1.08 



PAS-DE-CALAI8.a 



Magnesia 
(MgO). 



Percent. 
0.001 
.002 
.02 
.O0E2 
.003 
.004 
.004 
.02 
.06 
.01 
.006 
.OS 
.006 
.009 
.005 
.007 
.006 
.006 
.006 
.006 
.01 
.01 
.01 
.01 
.002 
.004 
.008 



Erquieres 


1 
2 
3 
4 
6 
6 
1 
2 
3 
4 
6 
1 
2 
3 
4 
6 
1 
2 
3 
4 
6 
6 
1 
2 
8 
4 
6 
1 
2 
3 
4 
6 
6 
1 
2 
S 
4 
6 
6 
7 
8 


0.268 
.137 
.267 
.267 
.298 
.219 
.32 
.36 
.30 
.289 
.317 
.26 
.33 
.30 
.29 
.34 
.316 
.293 
.388 
.333 
.319 
.328 
.376 
.314 
.245 
.219 
.266 
.121 
.176 
.154 
.176 
.169 
.185 
.191 
.196 
.240 
.248 
.389 
.30 
.198 
.174 


0.119 
.092 
.098 
.103 
.211 
.172 
.143 
.066 
.104 
.159 
.121 
.10 
.14 
.115 
.22 
.094 
.116 
.118 
.168 
.19 
.26 
.252 
.096 
.094 
.092 
.004 
.084 
.106 
.166 
.15 
.156 
.146 
.166 
.159 
.133 
.121 
.145 
.158 
.066 
.142 
.096 


0.405 

2.411 

1.836 

3.875 

16.565 

67.344 

1.862 

1.932 

1.897 

8.112 

35.971 

1.17 

1.51 

.20 
23.39 

.925 

.70 
1.20 
4.215 
4.265 
23.00 
23.00 
1.12 

.716 
1.36 
1.05 
1.19 

.135 
1.085 

.625 
2.70 

.475 
1.35 

.633 
4.906 
1.183 
2.786 
1.848 

.648 
1.041 
1.041 
























Oufjny . T r 




















Berthonval 




















Loues 
























Valhuon 
















Saint Martin 

















































• Tenes Arables de Pas-de-Calait, Pagnool, 1804. Bulletin Station Agronomlque Pas-de<?alal8, 1806. 
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Chemical composUian of the soils of France — Continued. 
PAS-DE-CA LAIS—Conti nued. 



Description and locality. 


Original 

sample 

Na 


Potash 

(K,0). 


Phosphoric 

aHd 

(PtO»). 


Lime 
(CaCO,). 


Maenesla 
(MgO). 


Marck 


1 
2 
3 

4 
5 
6 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
8 
9 
l 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 
8 
l 
2 
3 
4 
5 
ti 

2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 


Percent. 
0.33 
.256 
.347 
.25 
.043 
.25 
.384 
.29 
.22 
.291 
.235 
.282 
.248 
.324 
.26 
.223 
.257 
.296 
.258 
.266 
.268 
.241 
.277 
.267 
.239 
.29 
.249 
.262 
.206 
.311 
.345 
.245 
.256 
.177 
.199 
.31 
.278 
.122 
.30 
.255 
.315 
.263 
.268 
.277 
.36 
.257 
.323 
.292 
.367 
.337 
.307 
.262 
.286 
.30 
.288 
.253 
.2S9 
.228 
.262 
.313 
.268 
.313 
.277 
.263 
.278 
.329 
.295 
.257 
.278 
.356 
.317 
.334 
.286 
.308 
.305 
.265 


Percent. 
0.116 
.063 
.129 
.092 
.031 
.116 
.104 
.101 
.002 
.105 
.153 
.167 
.254 
.224 
.704 
.704 
.564 
.40 
.194 
.642 
.002 
.091 
.11 
.076 
.00 
.06 
.002 
.06 
.134 
.061 
.06 
.28 
.056 
.35 
.104 
.10 
.123 
.143 
.118 
.106 
.114 
.107 
.11 
.162 
.11 
.085 
.11 
.231 
.114 
.10 
.094 
.093 
. ItO 
.1% 
.084 
.071 
.186 
.115 
.123 
.096 
.163 
.094 
.571 
.292 
.16 
.149 
.159 
.57 
.57 
.14 
.329 
.109 
.108 
.114 
.103 
.114 


Percent. 

laou 

14.016 

25.145 

22.066 

.101 

14.974 

16.412 

14.101 

13.834 

15u806 

.96 

7.693 

21.334 

13.014 

38.75 

34.427 

19.739 

4.572 

1.625 

9.639 

1.84 

1.47 

.518 

1.504 

2.053 

2.21 

2.596 

1.02 

3.866 

3.112 

.97 

.923 

.031 

62.448 

1.62 

2.72 

.961 

.468 

4.17 

.75 

1.62 

2.02 

1.11 


Percent. 






















Offekerque 
















OullMS 
















Faubourg Ronville 
























Souastre 




















Pas 




































Sems. 




























Freanes-les-Montauban 


30 272 
1.972 
1.901 
I.G3.3 

42 112 
1 14 
















Adinfcr 






.526 
.774 
2.4(2 
1.208 
.125 
.077 




























Henio-sur-CoJeui 


14 40 






2 53 
2.30 
1.15 
10 42 
.9.J 
7 173 




















Achlcourt 






7 698 






1.901 

1.288 

2.2o3 

35.908 


















32 988 






2.68 
4.67 
2.061 
.592 
.992 
1 511 








CrolsUlei 


















12.:.2a 


••• 
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Chemical compotition of the ioili of France — Continued. 
P AS-D E-CA LAIS — ConUnued. 



Description and locality. 



CroislUes 

La Heriiere. . . 

MoyenoeTille. 
MoyenneTille 

Ablalnxevelle. 



Havrincourt.. 



Hetdignaul. 



Mets-«n-Couture. 



Fontalne-les-Boulans . 



Clainnaraii. 



Wlxemat 

Raoquincbem . 



Original 

sample 

No. 



Potash 
(K,0). 



Percent. 
a326 
.26 
.282 
.275 
.273 
.276 
.240 
.276 
.309 
.317 
.317 
.306 
.215 
.345 
.316 
.162 
.304 
.266 
.260 
.292 
.224 
.25 
.260 
.255 
.272 
.237 
.283 
.319 
.237 
.399 
.275 
.337 
.35 
.341 

.20^ 
.246 
.276 
.257 
.337 
.268 
.205 
.264 
.266 
.182 
.322 
.272 
.228 
.227 
.239 
.823 



.218 

.218 

.243 

.22 

.306 

.38 

..365 

.297 

.503 

.545 

.253 

.414 

.284 

.26 

.36 

.378 

.31 

.31 

.53 

.249 

.379 

.271 

.365 

.31 

.28 

.266 



Phosphoric 

add 

(PtO»). 



Lime 
(CaCO,). 



Percent. 
0.125 
.157 
.003 
.075 
.066 
.06 
.009 
.060 
.102 
.091 
.107 
.009 
.103 
.133 
.102, 
.114! 
.002 
.072 
.071 
.102 
.073 
.071 
.085 
.061 
.111 
.097 
.137 
.103 
.124 
.128 
.09 
.150 
.106 
.122 
.103 
.27 
.061 
.067 
.139 
.116 
.067 
.074 
.073 
.072 
.095 
.126 
.116 
.111 
.133 
.107 
.131 
.105 
.118 
.15 
.098 
.105 
.103 
.096 
.314 
.083 
.073 
.39 
.422 
.064 
.088 
.07 
.009 
.061 



.078 
.142 
.10 
.074 
.063 
.06 
.072 
.093 
.099 
.066 
Digitized 



Percent. 

L003 

16.67 

.450 

2.017 

3.00 

1.904 

4.857 

2.145 
.614 
.208 
.774 
.811 
.381 
.684 
.608 
.50 
.350 
.251 

1.53 
.429 

1.845 
.102 

2.iA2 
.28 

1.537 
.799 

3.646 
.605 

3.460 

1.652 
.(i2 
.87 
.848 

2.(i28 

1.678 
39.918 
.573 
.57 
.877 

1.687 
.245 

1.171 
.051 
.243 
.255 

1 413 

i.636 
.93 

1.734 
.5(18 
.758 
.711 

2.344 
.876 

1.996 
.537 

2.599 

l.b84 
11.117 
65.90 

3.899 
14.713 
30.198 

2.171 
.675 

1.514 
.902 

1.022 
33.837 

2.12 
16.783 

3.666 
.253 

1.059 

1.33 
.00 
.671 



i£agn< 
(Mg( 



(M80). 



Per cent. 



by 



.774 ' 

^224 I....X. 
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Chemical compotition of the soiU of Franet— Continued. 
PAS-DE-CALAI8-ContInued. 



Description and locality. 


Original 

sample 

No 


Potash 
(K,0). 


Phosphoric 
(PK)»). 


Ume 
(CaCO,). 


lJf«"oT 


RacQUinfrtM^m .....,.......^1.. - 


5 
6 
7 

8 
9 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
6 
6 
7 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


Percent. 
0.363 
.282 
.557 
.761 
.178 
.232 
.246 
.279 
.21 
.178 
.217 
.171 
.279 
.21 
.178 
.201 
.293 
.287 
.395 
.196 
.272 
.144 
.292 
.196 
.297 
.197 
.266 
.404 
.314 
.199 
.236 
.234 
.466 
.358 
.147 
.202 
.272 
.211 
.20 
.357 
.243 
.301 
.214 
.287 
.30 
.195 
.224 
.27 
.23 
,135 
.225 
.219 
.208 
.143 
.40 
.325 
.281 
.234 
.257 
.306 
.342 
.323 
.254 
.316 
.165 
.317 
.403 
.232 
.306 
.275 
.292 
.268 
.242 
.277 
.185 
.276 
.281 
.30 
.821 


Percent. 
114 
.089 
.045 
.098 
.00 
.065 
.161 
.105 
.111 
.102 
.062 
.068 
.105 
.111 
.102 
.126 
.117 
.223 
.209 
.104 
.193 
.162 
.141 
.141 
.159 
.151 
.133 
.176 
.139 
.073 
.092 
.09 
.257 
.248 
.136 
.093 
.079 
• .084 
.071 
.066 
.079 
.083 
.065 
.121 
.175 
.124 
.091 
.119 
.057 
.086 
.277 
.061 
.051 
.083 
.219 
.225 
.131 
.087 
.102 
.219 
.208 
.183 
.086 
.092 
.103 
.285 
.189 
.10 
.092 
.092 
.088 
.088 
.093 
.081 
.043 
.098 
.077 
.086 
.186 


Percent. 
1.237 


Percent. 




1.003 
.929 
.606 
.00 

2.204 








HouUe 







28.211 
4.167 
2.648 
3.439 
















IfoQlle 


2.203 
1.463 
4.167 
2.648 
3.439 




















Zoteiu. 


2.06 
.436 

6.007 

1.807 
.212 

4.813 
61. 819 
























Mentque-Nortbecourt 




12.013 
6.114 
7.612 












Isqoes 


39.253 

11.502 

7.955 

1.005 

2.163 

.174 

.242 

9.746 

&238 

32.749 

3.213 

.328 

2.803 
























Habenent 




















BatUeuMes-Pemefl 


.092 

23.731 

.796 

1.466 

1.247 

.873 

6.479 

3. .594 

.332 

.604 

18.422 

2.065 

17.465 

21.053 

17.912 

14.489 

25.177 

23.305 

















Aucby-lee-Hesdin 




Rang-<lii-Fli^«n. . 
























Laboune.. 








23.511 
1.00 
1.678 

23.619 


















19.108 




Feuchy 


6.948 
.78 
1.124 
.56 
27.373 
7.627 
4.968 
.715 
.756 
.746 
.817 
1.069 
1.877 
.258 
.50 




















CoapeUe-Vielle 




Bolnr-Notee-Pame 


































.76 

.753 

18^ 
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Chemical composition of the soils of France— ContinvLed, 
PAS-DE^ALAIS— Continued. 



Description and locality. 


Original 

sample 

No. 


Potash 
(KsO). 


Phosphoric 

a^ii 

(P«0*). 


Lime 
(CaCO,). 


Macnesia 
(3gO). 


Bolrv-Notre-Dame 


12 
13 
14 

1 
2 
8 
4 
6 
6 
1 
2 
3 
4 
5 
6 
1 
2 
8 
4 
5 
6 
1 
2 
8 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 


Percent. 
0.297 
.28 
.251 
.315 
.866 
.886 
.282 
.367 
.436 
.300 
.261 
.333 
.203 
.267 
.331 
.245 
.224 
.262 
.289 
.2f9 
.381 
.86 
.647 
.27 
.32 
.384 
.189 
.39 
.251 
.236 
.38 
.298 
.30 
.221 
.176 
.208 
.239 
.244 
.27 
.238 
.241 
.206 
.836 
.411 
.241 
.•293 
.360 
.273 
.224 
.224 
.237 
.167 
.257 
.19 
.239 
.328 
.823 
.292 
.152 
.250 
.247 
.40 
.341 
.327 
.27 
.280 
.269 
.202 
.228 
.336 
.322 
.250 
.173 
.296 
.837 
.294 
.302 
.219 
.308 


Percent. 
a073 
.082 
.078 
.136 
.132 
.156 
.127 
.124 
.178 
.119 
.149 
.149 
.202 
.139 
.14 
.093 
.102 
.272 
.133 
.249 
.164 
.206 
.126 
.222 
.373 
.164 
.312 
.682 
.163 
.136 
.192 
.246 
.258 
.202 
.239 
.21 
.125 
.097 
.114 
.093 
.201 
.095 
.155 
.187 
.134 
.084 
.135 
.006 
.116 
.084 
.124 
.046 
.116 
.096 
.176 
.091 
.142 
.116 
.307 
.09 
.167 
.269 
.167 
.159 
.17 
.124 
.138 
.121 
.84 
.133 
.20 
.174 
.162 
.10 
.097 
.18 
.128 
.065 
.106 


Percent 

0.64 

.872 

.616 

1.224 

1.283 

8.864 

.88 

5.42 

5.891 

.769 

9.243 

3.681 

63.776 

1.119 

2.472 

2.246 

1.763 

14.719 

.741 

9.838 

3.219 

14.421 

1.495 

47.525 

11.439 

81.513 

17.655 

19.799 

2.205 

2.095 

4135 

5.20 

11.348 

1.268 

47.327 

7.066 

4 61 

.708 

.273 

.765 

48.37 

.686 

7.123 

ia211 

51.008 

2.564 

3.493 

.716 

5.975 

.978 

3.626 

.434 

4 754 

.869 

2.5J^3 

.331 

.888 

.316 

3&02 

1.004 

6.025 

6.881 

a882 

2.329 

4729 

.561 

1.413 

1.026 

28.132 

.924 

.975 

8.929 

.839 

1.245 

1.114 

2.24 

1.312 

.788 

^146 


Percent. 










Givenchv-en-QotieUc 
























Penin ^ .-^ 
























BaraUe 
























Rebenmes . . . . 





















A£nv 
















Auchv-l-Hesdin . 












Herbelles 
























Bciiswnt -..,.,.,,..,,-., 
























Divlon 




















Aix-en-Issart 
























Hennies 
























CherisY.. 
























Quarbecqiie ... . . . 
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Chemical composition of the ioiU of l^ance— Continued. 
P Aa-D E-C A LAI8— Continued. 



Description and locality. 



Original 

sample 

No. 



iBeMes-Uameau. 



Camiers. 



LeTransIoy. 



BlendecqiMS.. 



Fleorbaiz.. 
BemleuUes. 



Doisans. 



Bocqaoy (Essart) — 

Loues 

Ablalnsevelle 

Prevent 

Lea Attaques 

Ablainievelle 

0isy4»-Verger 

Liunbres • 

Laniicoart 

Bethune 

Bapaume 

Campagne4es-He6din, 

Fouquieres 

Bapaume 

Oignies 

Aueby-lei^Lfr-Bassee . 

Oignies 

Eooust-Saint-Mein. . . 

B^thona 



1 
2 
3 
4 
6 
6 
7 
1 
2 
3 
4 
6 
6 
7 
8 
1 
2 
3- 
4 
6 
6 
1 
3 
6 
7 

11 
1 
2 
3 
4 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
6 
3 
6 
6 
8 
10 
11 
13 
14 
15 
16 
17 
19 
21 
23 
25 
26 
28 
1 
1 
2 
3 
1 
2 



Potash 
(K,0). 



PercenL 
0.202 
.219 
.279 
.26 
.200 
.303 

.m 

.126 

.119 

.329 

.213 

.181 

.235 

.156 

.207 

.242 

.279 

.217 

.219 

.264 

.296 

.26 

.186 

.133 

.206 

.22 

.192 

.321 

.34 

.372 

.368 

.277 

.275 

.239 

.221 

.214 

.339 

.235 

.361 

.298 

.326 

.281 

.200 

.292 

.233 

.275 

.268 

.272 

.27 

.291 

.245 

.287 

.265 

.226 

.230 

.337 

.292 

.212 

.343 

.303 

.283 

.222 

.231 

.223 

.206 

.238 

.18 

.258 

.284 

.256 

.200 

.224 



Pbosphoric 

acid 

(PtO»). 



Percent. 
0.107 
.225 
.121 
.087 
.001 
.12 
.111 
.179 
.07 
.379 
.Ub9 
.163 
.144 
.119 
.080 
.081 
.122 
.093 
.118 
.132 
.121 
.075 
.08 
.069 
.101 
.203 
.167 
.09 
.083 
.113 
.106 
.083 
.079 
.091 
.061 
.080 
.077 
.111 
.198 
.089 
.12 
.158 
.221 
.128 
.06 
.136 
.146 
.135 
.133 
.213 
.172 
.132 
.088 
.148 
.096 
.094 
.108 
.157 
.119 
.144 
• lOi 
.103 
.072 
.122 
.063 
.133 
.053 
.182 
.124 
.128 
.09 
.092 



Lime 
(CaCOi). 



Per cent. 

a646 

88.899 

1.975 

.618 

.808 

2.784 

1.671 

4&777 

2.05 

9.588 

1.746 

41.026 

6&206 

6.145 

.277 

.914 

.62 

.426 

.637 

1.247 

.760 

.877 

.175 

.289 

2.063 

11.44 

13.74 

.997 

.94 

.739 

2.086 

.322 

6.241 

.854 

2.599 

1.053 

4.612 

1.348 

2.94 

.834 

.628 

1.989 

48.356 

6.413 

6.333 

1.460 

.606 

.546 

.528 

4.702 

.675 

.661 

l.OGO 

13.177 

.627 

1.367 

2.378 

6.747 

1.328 

1.50 

.625 

.965 

6.201 

.775 

.586 

2.201 

.455 

2.172 

.827 

.686 

1.379 

1.031 



Ifagnesia 
(MgO). 



Per cent. 
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Chemical compontion of the soils of France — Continued. 

BOUCUES-DU-RHONE.* 



Description and locality. 


Original 

sample 

No. 


Potash 
(K,0). 


Phosphoric 

acid 

(P.O.). 


Lime 
(CaCC). 


Maenesia 
(MgO). 




Ptreenl. 


Percent. 


Percent. 


Pereeta. 


LaCrau 


1 
2 


0.241 
.221 


aO09 
.088 


a35 

.708 


a 482 




.382 




3 


.204 


.088 


1.64 


.498 




4 


.177 


.103 


.464 


.616 




6 


.416 


.128 


\.im 


.56 




6 


.339 


.091 


.aS4 


.37 




7 


.491 


.a'a 


.972 


.612 




8 


.341 


.197 


12.00 


.854 


Llmon d* Pnrancf^ .,..,.... ...,,,- t 




.26 
.252 


.102 
.108 


23.75 
20.905 


.833 


■ **ii"^^** %»^ -M^ «*• 9mmM^f^0 •• ■•«•■•••••••■•*«•••••••• 




.989 






.353 


.109 


23.12 


L15 






.312 


.104 


2a 777 


.94 


LlTnon du Rhone 




.396 
.213 
.20 


.118 
.112 
.101 


23.05 
.666 
.53 


.358 


Sables du Rhone 


i" 

2 


3L50 




32.40 




3 


.082 


.094 


.32 


16.83 




4 


.07 


.078 


.56 


18.80 




6 


.002 


.009 


.52 


19.30 




6 


.094 


.104 


.587 


19.80 




7 


.091 


.094 


.586 


20.20 




8 


.062 


.009 


.421 


24.50 




9 


.093 


.078 


.629 


22.50 




10 


.050 


.101 


.48 


23.60 




11 


.06 


.077 


.547 


2L41 




12 


.06 


.093 


.53 


27.65 




13 


.111 


.135 


.404 


18.40 




14 


.086 


.15 


.157 


34.45 




15 


.065 


.129 


.487 


22.10 




10 


.076 


.124 


.58 


22.15 




17 


.111 


.15 


.58 


2L45 




18 


.163 


.148 


.648 


22.10 




19 


.006 


.078 


.530 


17. ao 




20 


.073 


.096 


.578 


17.56 




21 


.399 


.13 


L057 


3a 30 




22 


.198 


.14 


.684 


24.40 




23 


.129 


.122 


.731 


19.00 




24 


.21 


.138 


.462 


21.70 




25 


.078 


.106 


.547 


2a 40 




26 


.085 


.13 


.478 


18.76 




27 


.085 


.126 


.58 


22.28 




28 


.074 


.111 


.634 


2a 00 




29 


.316 


.165 


.802 


25.25 




30 


.181 


.128 


.006 


20.30 




31 


.153 


.134 


.597 


20.25 




32 


.222 


.18 


.714 


22.44 




33 


.236 


.137 


.86 


26.40 




34 


.075 


.076 


.612 


18.24 


LaCamargne 


1 


.224 


.LW 


1.136 


31.87 




2 


.212 


.16 


.944 


33.50 




3 


.419 


.169 


1.048 


32.00 




4 


.76 


.155 


1.387 


84.50 




6 


.545 


.145 


1.106 


33.87 




6 


.29 


.145 


1.102 


33.97 




7 


.418 


.153 


1.228 


8L85 




8 


.224 


.139 


1.51S 


32.40 




9 


.183 


.14 


.875 


24.20 




10 


.217 


.16 


.94 


2&21 




11 


.249 


.147 


1.080 


32.75 




12 


.298 


.15 


1.089 


32.22 




13 


.412 


.133 


1.51 


35.86 




14 


.308 


.14 


1.107 


20.80 




15 


.268 


.145 


1.104 


33.76 




16 


.255 


.14 




82.60 




17 


.21 


.125 


i."26i' 


3L93 




18 


.278 


.135 


1.066 


82.14 




19 


.429 


.16 


LOW 


3a 05 




20 


.158 


.153 


.992 


25.00 




21 


.874 


.099 


L046 


84.86 




22 


.472 


.108 


L096 


32.90 




23 


.547 


.125 


.974 


38.63 




24 


.437 


.148 


L104 


88.70 




25 


.49 


.138 


L042 


34.70 




26 


.525 


.144 


L066 


88.40 



• Oasttne. Ann.Sd., Agron.,18M,165,M0. BulL Mln. Agr., Fiaooe, 1807, pp. 614-ttft. 
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Chemical eomponlum of the saiU of France — Continued. 

If ARNE. • 





Original 

sample 

No. 


Potash 
(K.0). 


Phoepboric 

aad 

(P«0»). 


Lime 
(CaCO,). 


Mamesia 


( 


Percent. 


Percent. 


Percent. 


Percent. 


Ve«y: Venenay 




0.171 


0.205 


14.50 


0.007 






.186 


.134 


19.00 


.036 






.237 


.215 


17.50 


.011 






.115 


.169 


14.10 


.009 






.186 


.122 


10.15 


.126 


Verxy 




.205 
.136 


.18 
.186 


8.20 
18.30 


.003 




2 


.007 


3 


.19 


.216 


10.20 


.043 




4 


.169 


.133 


8.00 


.034 




5 


.135 


.095 


1.74 


.091 


Vil1af8-lf armery 


1 


.241 


.186 


9.30 


.092 




2 


.219 


.17 


12.50 


.101 




3 


.278 


.195 


14.00 


.106 




4 


.252 


.142 


2.30 


.086 




6 


.258 


.242 


25.20 


.139 




6 


.18 


.264 


26.80 


.097 




7 


.168 


.200 


19.60 


.048 


ViU9-€n-Tard6noi3: Pargny 


- I 
2 


.186 
.168 


.153 
.123 


32.10 
27.80 


.164 




.137 




3 


.246 


.111 


14.50 


.288 




4 
5 




.058 
.089 


36.00 
16.50 






.23 ■ 


.206 




6 


.144 


.m 


4.00 


.108 


Villedomange 1 


.263 


.165 


9.30 


.262 




2 


.281 


.13 


13.30 


.249 


Coonnas 


1 
2 


.534 
.622 


.094 
.06 


30.50 
22.50 


.146 




1.124 


Botuy •. 


1 
2 


.139 
.257 


.161 
.14 


11.35 
&85 


.295 




.016 


CUARANTE-INFERIEURE.* 




0.434 


0.069 


1 


M. <3« I^U J ....»-.-.....-.....• - 




.482 
.778 
.379 
.742 


.142 
.146 
.124 
.147 




CbeiiUao 
































LOIRE-INFERIEURE. « 


Ncnay .' 


1 


0.07 


0.06 


0.07 


0.07 




2 


.05 


.04 


.05 


.10 




3 


.04 


.04 


.05 


.04 




4 


.10 


.05 


.13 


.20 




5 


.02 


.07 


.02 


.02 




6 


.05 


.06 


.09 


.05 




7 


.07 


.03 


.02 


.06 




8 


.13 


.16 


.09 


.17 




9 


.02 


.17 


.04 


.02 




10 


.07 


.02 


.09 


.11 




11 


.03 


.09 


.03 


.05 




12 


.11 


.07 


.11 


.12 




13 


.03 


.05 


.03 


.03 




14 


.05 


.05 


.03 


.03 




15 


.06 


.15 


.07 


.03 




16 


.10 


.14 


.12 


.06 




17 


.08 


.12 


.09 


.14 




18 


.08 


.13 


.07 


.10 




19 


.09 


.15 


.10 


.16 




20 


.12 


.14 


.12 


.26 




21 


.04 


.06 


.04 


.04 




22 


.11 


.14 


.09 


.16 




23 


.05 


.10 


.11 


.06 




24 


.04 


.13 


.11 


.06 




25 


.05 


.13 


.06 


.06 




26 


.06 


.15 


.04 


.06 




27 


.04 


.11 


.05 


.01 




28 


.11 


.12 


.07 


.00 




29 


.11 


.13 


.04 


.00 


• Mtinti. Bull. Mln. An-., France, 1803, 170-210. 

* Vemeull. Prog. Agr. ViUcole, 21, 491 (1894). 
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Chemical composition of the soils of France — Continued. 
LOIRE-INFERIEURE— Continued. 



Description and locality. 


Original 

sample 

No. 


(K,0). 


Phosphoric 

add 

(PfO»). 


Lime 
(CaCC). 


1 
Mamesla 

(iSo). 






Percent. 


Percent. 


Percent. 


Percent. 


Nozaj 


30 
31 


0.06 
.04 


a09 
.06 


0.06 
.04 


a06 




.02 




32 


.07 


.08 


.06 


.06 




33 


.06 


.08 


.00 


.06 




34 


.13 


.11 


.13 


.05 




36 


.08 


.01 


.07 


.02 




36 


.07 


.03 


.02 


.01 




37 


.06 


.03 


.02 


.01 




38 


.03 


.04 


.04 


.03 




3Sr 


.06 


.04 


.06 


.06 




40 


.06 


.10 


.17 


.11 




41 


.04 


.03 


.05 


.05 




42 


.06 


.03 


.06 


.06 




43 


.04 


.08 


.03 


.02 




44 


.07 


.06 


.11 


.04 




46 


.06 


.05 


.07 


.06 




46 


.10 


.06 


.07 


.06 




47 


.18 


.07 


.04 


.03 




48 


.09 


.13 


.08 


.08 




49 


.06 


.12 


.05 


.05 




60 


.13 


.14 


.08 


.04 




61 


.12 


.12 


.11 


.10 




62 


.10 


.13 


.11 


.06 




53 


.11 


.10 


.13 


.05 




54 


.15 


.11 


.12 


.07 




56 


.13 


.10 


.11 


.05 




56 


.11 


.11 


.11 


.13 




57 


.09 


.09 


.11 


.06 




58 


.12 


.09 


.07 


.08 




50 


.09 


.10 


.10 


.09 




60 


.11 


.10 


.10 


.10 




61 


.16 


.13 


.18 


.07 




62 


.09 


.10 


.10 


.11 




63 


.10 


.12 


.16 


.14 




64 


.09 


.11 


.08 


.10 




65 


.09 


.05 


.11 


.23 




66 


.03 


.04 


.04 


.19 




67 


.03 


.06 


.06 


.21 




68 


.04 


.06 


.06 


.19 




60 


.08 


.11 


.12 


.89 




70 


.13 


.11 


.16 


.43 




71 


.08 


.08 


.09 


.25 




72 


.07 


.07 


.06 


.19 




73 


.08 


.06 


.14 


.25 




74 


.14 


.06 


.07 


.19 




75 


.07 


.06 


.07 


.15 




76 


.09 


.03 


.11 


.07 




77 


.03 


.02 


.04 


.04 




78 


.05 


.02 


.06 


.07 




79 


.02 


.02 


.04 


.04 




80 


.04 


.01 


.05 


.08 




81 


.02 


.01 


.02 


.05 




82 


.06 


.01 


.06 


.09 




83 


.09 


.05 


.07 


.05 




84 


.03 


.02 


.03 


.02 




85 


.07 


.08 


.12 


.04 




86 


.11 


.10 


.13 


.07 




87 


.09 


.06 


.09 


.04 




88 


.12 


.10 


.15 


.10 




80 


.05 


.06 


.08 


.04 




90 


.05 


.07 


.08 


.08 




91 


.07 


.02 


.04 


.05 




92 


.04 


.03 


.04 


.01 




93 


.09 


.08 


.14 


.11 




94 


\ .06 


.06 


.08 


.16 




95 


.09 


.05 


.10 


.05 




96 


.13 


.06 


.14 


.08 




97 


.12 


.08 


.19 


.11 




98 


.11 


Tracer. 


.02 


.06 




99 


.10 


.06 


.14 


.07 




100 


.14 


.08 


.09 


.08 




101 


.13 


.06 


.19 


.10 




102 


.12 


.02 


.14 


.10 




103 


.15 


.06 


.22 


.16 




104 


.12 


.05 


.19 


.12 




105 


.08 


.09 


.20 


.14 




106 


.06 


.09 


.10 


.06 
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Chemical compontion of the soiU of France — Continued. 
LOIRB-INFBRIEURE— Continued. 



DescripUon and locaUty. 


Original 

sample 

No 


Potash 
(K,0). 


Phosphoric 

add 

(PfO»). 


Lime 
(CaCO,). 


•Jas^ 






Percent. 


Peruia. 


Percent. 


Percent 


Nozay 


107 
108 


0.19 
.07 


a 10 

.07 


0.15 
.11 


a 12 




.00 




100 


.08 


.11 


.16 


.10 




110 


.13 


.12 


.16 


.18 




ill 


.09 


.12 


.13 


.12 




112 


.04 


.12 


.31 


.02 




113 


.08 


.10 


.24 


.07 




114 


.09 


.11 


.16 


.10 




115 


.08 


.09 


.20 


.11 




116 


.10 


.11 


.20 


.10 




117 


.13 


.13 


.17 


.12 




118 


.06 


.07 


.19 


.12 




119 


.10 


.13 


.10 


.12 




120 


.15 


.14 


.14 


.23 




121 


.07 


.09 


.06 


.04 




122 


.03 


.04 


.04 


.06 




123 


.08 


.12 


..31 


.11 




124 


.05 


.11 


.23 


.06 




1'25 


.05 


.16 


.23 


.08 




126 


.07 


.12 


.13 


.08 




127 


.11 


.10 


.13 


.16 




128 


.12 


.10 


.10 


.18 




129 


.13 


.14 


.09 


.06 




130 


.06 


.06 


.13 


.06 




131 


.10 


.14 


.09 


.06 




132 


.20 


.07 


.15 


.22 




133 


.13 


.05 


.09 


.12 




134 


.06 


.04 


.05 


.06 




135 


.08 


.07 


.15 


.06 




136 


.06 


.07 


.07 


.04 




137 


.07 


.08 


.12 


.07 




138 


.09 


.07 


.12 


.08 




139 


.03 


.03 


.05 


.02 




140 


.02 


.03 


.04 


.02 




141 


.14 


.09 


.32 


.12 




142 


.07 


.07 


.09 


.06 




143 


.07 


.11 


.11 


.06 




144 


.05 


.18 


.62 


.13 




145 


.06 


.09 


.15 


.06 




146 


.09 


.04 


.06 


.06 




147 


.12 


.08 


.18 


.07 




148 


.09 


.04 


.10 


.21 




149 


.08 


.06 


.13 


.21 




150 


.10 


.1)4 


.11 


.13 




151 


.10 


.07 


.09 


.14 




152 


.10 


.07 


.09 


.11 




153 


.08 


.06 


.06 


.16 




154 


.13 


.03 


.10 


.16 




155 


.10 


.07 


.18 


.26 




156 


.11 


.05 


.12 


.16 




157 


.06 


.02 


.04 


.07 




158 


.07 


.05 


.06 


.10 




150 


.07 


03 


.08 


.06 




160 


.03 


.02 


.06 


.07 




161 


.12 


05 


.08 


.14 




162 


.07 


09 


.05 


.09 




1^3 


.09 


05 


.05 


.11 




164 


.06 


02 


.06 


.05 




165 


.06 


.03 


.06 


.31 




166 


.13 


.04 


.09 


.28 




167 


.04 


.03 


.06 


.06 




168 


.05 


.07 


.08 


.07 




169 


.04 


.04 


.06 


.04 




170 


.21 


.06 


.14 


.87 




171 


.10 


.07 


.11 


.20 




172 


13 


09 


.20 


.33 


St. Viand: Plossls-Orlmancl (appx. 2fi0 hec- 












tares) 


1 


.07 


03 


.16 


.18 




2 


.21 


.04 


.17 


.16 




3 


.17 


.04 


.29 


.27 




4 


.14 


.04 


.26 


.16 




6 


.12 


.06 


.16 


.12 




6 


.23 


.08 


.13 


.21 




7 


21 


.06 


.10 


.26 




8 


.09 


.06 


.15 


.06 




9 


.17 


.04 


.16 


.19 




10 


.20 


.09 


.13 


.14 




11 


.24 


.08 


.36 


.00 
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Chemical compowUion of the soils of France — Continued. 
LOIBE-INFERIEUBE— Continued. 



Description and locality. 


Oridnal 

sample 

No. 


Potash 
(K,0). 


Phosphoric 

acid 

(PfO»). 


Lime 
(CaCOi). 


Ifacnesia 
(MgO). 


St. Viand: Plessis-Qrimand (appx. 250 hec- 


Percent. 


Percent. 


Percent. 


Percent. 


tares) 


12 


a 12 


0.06 


0.32 


a23 




13 


.14 


.06 


.18 


.12 




14 


.22 


.08 


.18 


.31 




15 


.19 


.07 


.12 


.80 




16 


.16 


.07 


.16 


.24 




17 


.21 


.06 


.18 


.56 




18 


.17 


.05 


.47 


.37 




19 


.10 


.09 


.16 


.44 




20 


.14 


.06 


.30 


.23 




21 


.14 


.04 


.24 


.20 




22 


.16 


.06 


.08 


.14 




23 


.21 


.06 


.30 


.17 




24 


.15 


.06 


.15 


.31 




26 


.10 


.05 


.18 


.24 




26 


.16 


.06 


.27 


.38 




27 


.12 


.04 


.14 


.18 




28 


.18 


.06 


.11 


.26 




29 


.16 


.06 


.22 


.15 




30 


.10 


.07 


.39 


.23 




31 


.17 


.06 


.18 


.25 




32 


.15 


.00 


.33 


.84 




33 


.12 


.04 


.12 


.38 




34 


.11 


.06 


.12 


.40 




35 


.20 


.06 


.10 


.12 




36 


.00 


.04 


.07 


.08 




37 


.10 


.10 


.06 


.04 




38 


.18 


.06 


.06 


.07 




39 


.20 


.06 


.20 


.09 




40 


.18 


.06 


.12 


.51 




41 


.12 


.04 


.11 


.12 




42 


.15 


.07 


.21 


.76 




43 


.10 


.06 


.15 


.64 




44 


.11 


.05 


.12 


.45 




45 


.15 


.06 


.27 


.39 




46 


.20 


.06 


.12 


.20 




47 


.14 


.06 


.22 


.17 




48 


.12 


.04 


.06 


.27 




49 


.25 


.08 


.09 


.20 




50 


.12 


.04 


.05 


.04 




61 


.18 


.07 


.21 


.36 




52 


.20 


.08 


.10 


.25 




53 


.22 


.06 


.16 


.34 




M 


.12 


.07 


.09 


.21 




55 


.20 


.06 


.10 


.12 




66 


.22 


.09 


.18 


.37 




57 


.25 


.06 


.15 


.31 




58 


.26 


.08 


.17 


.61 




50 


.24 


.07 


.12 


.11 




60 


.22 


.05 


.09 


.06 




61 


.23 


.07 


.07 


.09 




62 


.21 


.05 


.09 


.20 




63 


.22 


.07 


.27 


.10 




64 


.15 


.06 


.10 


.12 




65 


.12 


.05 


.20 


.16 




66 


.13 


.06 


.19 


.17 




67 


.10 


.04 


.47 


.18 




68 


.14 


.05 


.13 


.10 




69 


.18 


.06 


.11 


.00 




70 


.17 


.05 


.38 


.63 




71 


.51 


.04 


.17 


.12 




72 


.16 


.04 


.18 


.10 




78 


.16 


.04 


.16 


.00 



L'lIERAULT.a 



Capestang: Alluvions dc Capestang. . 



I 



Munrell: Alluvions de Torb 

Thegan 

Ligmm 

Sauvian 

Llgnan 

a Lagatu and Semichon. Mat<^riaux four une ^tude dee Terrea de o'lSpartemeiit de I'H^rault, 1803; 
ProgTAgr. et. Vitu. 19, 105, 162, 179, 233, 276, 447, 489 (1893). 



0.131 
.114 
.117 
.158 
.10 
.172 1 
.149 I 



0.005 I 

.087 

.132 

.107 

.07 ■ 

.09 

.138 ! 



15.164 
8.512 
2.918 
3.87 
.006 
.437 
3.466 



Digitized by 



Google 
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Chemical eompotUion of the 9oils of France — Continued. 
L'HBRAULT-Continued. 



Description and locality 


Original 

sample 

No. 


Potash 
(K,0). 


Phosphoric 

acid 

(PfO»). 


Lime 
(CapOi). 


Ifagnesia 
(MgO). 


fu^tkn^ ,... , 


8 
9 
10 
11 


Percent. 
a 139 
.131 
.176 
.182 
.134 
.109 
.16 
.171 
.171 
.164 
.195 
.168 
.174 
.20 
.047 
.167 
.143 
.192 
.076 
.147 
.135 
.122 
.268 
.121 
.164 
.102 
.127 
.20 
.103 
.044 
.096 
.134 
.188 
.105 
.266 
.212 
.131 
.236 


Percent. 
a 146 
.179 
.134 
.15 
.101 
.071 
.137 
.108 
.154 
.165 
.14 
.20 
.167 
.133 
.088 
.04 
.042 
.065 
.06 
.066 
.047 
.26 
.114 
.082 
.081 
.16 
.006 
.119 
.121 
.062 
.167 
.162 
.054 
.177 
.136 
.038 
.002 
.139 


Percent. 

6.60 

3.816 

2.636 

4.684 

&889 

1.38 

6.368 

8.288 

6.944 

7.224 

7.28 

7.112 

&344 

&848 

11.068 

1.686 

.003 

.431 

.781 

.896 

.706 

3.147 

1.419 

17.64 

3.214 

12.712 

6.72 

10.92 

15.904 

15.848 

16.344 

11.76 

17.304 

24.136 

28.836 

30.408 

14.84 

23.016 


Percent. 






ViUeneove 








Lienran: AUnvlons d^ T4hiT>n r . , r r - - . 




Betters 






Senrian: Alluvions de la Tongue 
















Mnt-Thitwry: AUuyion^ dA I'TiAmnit 




B«SSan .....w....»....,Trrr-...-r , 












A«le 










Agde: Sables des dunes 




L&uran: Diluyium de i'Epinouse 






8ervlan .?.... r..r,. 






Patnt-Thl^wf t... -rr 
















Besteis 




Bfrrian: Depots fluylf^volcanlque 






ApvIa? TftrrajTi plJOfiftnft 












fH^rrtan 




Antlgnfir: Tenatn mlooenn 






MurreO 






Pomerols.............. 






Mnrreil 






Bexlers 






ManrRilham 






Canestane r , 






pffiet. :::....;.. 






Bezien 












ptnet 




Beders........... 

















DORDOONB.* 



Terrelna granftiqiifl? . , , ^ ^ , ^ ..,_.„ ^ . , 




a266 
.244 
.235 

.08 

.069 

.0812 

.1446 

.050 


0.034 
.0402 
.046 

.0796 

.005 

.0256 

.0266 

.023 


0.012 
.0566 
.0491 

CaCO, 

16.00 

64.00 

Traces. 

Traces. 


















Terrains crvtaces ... r 










Sablea dn Fericofd 




fl%^t.N<«Xan5. r . r , . . r 






Lnnas: Bonyees ArBlIOHiiliceuses 






Bouyees sUico argilenses 




CaCO, 
22.40 
16.00 
.119 
2.77 
2.24 
1.89 
.2226 
.184 




Levea T 




.209 

.076 

.097 

.196 

.258 

.319 

.15 

.189 


.069 

.079 

.02 

.061 

.056 

.050 

.0703 

.0615 




8aint-AlvwM r 




























a 126 








» 





MEURTHE-ET-M08ELLE.6 



Ctrey: OrteBinrres 

Beroichamp: OiesBigarres. 

Mamea 

ArgUe 



0. 1717 
.0901 
.1819 
.1972 



0.0523 
.0212 
.0560 
.0634 



0.0364 
.028 
.0532 
.1612 



a076 
.10 
.06 
.06 



•Ann. Inst Nat Agxon., Prance, 14, 61 (1891-^). 
Nre-InlMeure, 1903-4. 



b BuU. Sta. de U Lo1 
72539— S. Doc 676. 60-2, vol 



Digitized by 



Google 
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Chemical composition of the soils of France — Continued. 

HAUTE-PYRENEE8.« 



Description and locality. 


Original 

sample 

No. 


Potash 
(K,0). 


Phosphoric 

acid 

(P«0»). 


Lime 
(CaCO,). 


Ifaenesia 
(M|?0). 


Vall^deLnz 




Percent. 

0.455 

.098 

.097 

.287 


Percent. 

0.123 

.202 

.394 

.128 


Percent. 

0.0107 

.0171 

.082 

.0137 


Percent. 


Prairie irrigeree , 






Prairie tourbouse 






Prairie seche 













EURE-ET-LOIRE. 





1 


0.096 


0.069 


0.84 


0.148 




2 


.081 


.039 


.39 


.10 






.096 


.051 


.49 


.093 






.105 


.045 


.91 


.096 






.084 


.066 


1.09 


.079 






.086 


.036 


.84 


.096 






.076 


.034 


.63 


.073 






.008 


.061 


.60 


.084 






.072 


.060 


.47 


.075 




10 


.079 


.047 


.42 


.078 




11 


.086 


.051 


.58 


.066 



6PERNAY.5 



Aoise: Mesnil-sur-Oger. 



0.178 
.160 



a 186 
.157 



28.95 
41.65 



0.025 
.093 



a Faure. Ann. Inst. Nat Agron. 13, 117 Q888-91). 
t> Station Agnn. de Chartres, Rapports, 1801-1802. 

Chemical composition of the soils ofOermany. 



Description and locality. 


Original 

sample 

No. 


Potash 
(K,0). 


Phosphoric 

acid 

(P«0.) 


Lime 
(CaO). 


Macnesia 
(MgO)- 


HESSE.a 
Bundsandsteln 




Percent. 
0.25 
.33 
.31 
.11 
.23 
.14 
.15 
.21 
.57 
.37 
.37 
.45 
.29 
.31 
.31 
.38 


Percent. 
0.17 
.13 
.12 
.15 
.18 
.00 
.07 
.02 
.12 
.10 
.11 
.05 


Percent. 

0.35 

.39 

.37 

.89 

.30 

.52 

.10 

.13 

3.16 

14.97 

12.41 

20.20 

28.80 

5.55 

13.60 

.38 

3.24 

15.95 

6.85 

6.46 

17.68 

2.12 

3.41 

4.73 

9.00 

.100 

.2505 

.2243 


Percent. 
0.31 


Basalt 




.38 

.30 

1.16 


Qraudwacke 




1.15 


MnflrhAllpillr . . , , 




1.76 




243 
411 

67 
6 

15 

5 
3 
19 
25 
58 
7 
8 
16 
16 
10 
21 
20 
12 


.06 


Devonien 


.06 


"RoUiegendes" 


1.13 


Tertiary 


1.76 




1.42 

.83 

2.16 


DHuviiun. 


.12 
.12 
.06 
.06 
.00 
.26 
.15 
.25 


.78 
.78 
.06 




.06 


Alluvium 


.19 
.26 
.22 
.11 
.35 
.23 
.29 
.21 

.004 
.133 
.0936 


1.60 
1.06 

.45 
2.07 

.63 




.14 
.35 


.42 
.83 
.37 


PRUSSIA.& 

KQslin: c 

Koppenow 


.0700 
.0653 
.0603 




ZdrBwen. .......... . ........ 






Dubberaln 







aHabemoll, Ifitt Landw. Inst IcSnig. Univ. Breslau, 2, 147 (1899). Haselhofl, FOhUngs landw. Ztg., 55- 
73 (1906). 

frBaessler, Ber. Th%t. Agrik.-Chem- Vers. Samenc, K(}slin, 1898. 1900. 

c The potash analyses were made >irith 10 per oent hydrochlonc add. The phosphoric add and Uhm 
results are based upon complete analyses. Digitized by vJOOQlC 
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Chemical eompatiticn of the mnU ofOermany — Continued. 



Description and locality. 


Original 


Potash 
(K.0). 


Phosphorto 

acid 

(PfO.). 


Lime 
(CaO). 


Ifamesla 
(MgO). 


nuaoA— continued. 












EMin-Continued. 




Percent, 


PeretnL 


Percent. 


Percent, 


Oron-SUber 





0.0672 
.0677 
.0641 
.009 


0.0663 
.0488 
.0841 
.118 


0.1991 
.1336 
.1292 
.06 










Retnwasser . .......... ^ 




KL-SDienl 










.076 

.068 

.06 

.065 

.044 

.063 

.038 

.058 

.03 

.026 

.03 


.075 

.037 

.044 

.065 

.06 

.089 

.053 

.099 

.079 

.092 

.072 


.067 
.134 
.100 
.095 
.082 
.156 
.035 
.185 
.072 
.048 
.15 




Oaideo 




Mflnbam 












Or.-Raddow 






Landochow 






flfrhlns T 






Breitenberg 






fh^n^olsin .T....TtrT.T t.,., 






Or.-Mellan 






Knick , 






WMT PBV8SU.« 






Kiinoiolc.....T 




.081 


.106 


.182 


0.422 






.065 


.096 


.147 


.199 






.068 


.094 


.153 


.175 






.052 


.094 


.14 


.154 






.049 


.096 


.14 


.137 






.027 


.09 


.233 


.163 






.039 


.068 


.171 


.050 






.078 


.133 


.788 


.261 






.037 


.009 


.087 


.044 






.078 


.106 


.896 


.333 






.061 


.065 


.70 


.108 






.061 


.042 


.847 


.43 






.092 


.054 


.20 


.028 


MCMMOlO 




.039 
066 


.018 
.053 


.683 
.343 


042 






.103 






.103 


.03 


2.507 


.533 






.113 


.025 


22.067 


.113 






.031 


.06 


3.24 


.202 






.039 


.021 


.183 


.144 






.056 


.045 


.347 


.084 






.039 


.047 


.127 


.096 






.05 


.083 


.027 


.017 






.077 


.115 


.28 


.065 






.047 


.109 


.386 


.048 


Pilmxoic 




135 


058 


4 403 


216 






.144 


.171 


2.60 


.37 






.026 


.034 


.087 


.019 






.188 


.235 


.297 


.659 






.123 


.192 


1.63 


.144 






.04 


.028 


Trace. 


.019 






.129 


.092 


.293 


.072 






179 


041 


753 


176 






.212 


.219 


1.849 


.574 


WK8T PBUSSU.fr 












Honius soils. . T ^ 


3 

8 
13 
21 

5 


.14 
.34 
.10 
.05 
15 


.22 
.44 

.13 
.29 
35 


1.03 

2.85 

1.40 

2.37 

1.91 

.88 

.77 

.19 

.86 

.84 

1.77 

.41 

.67 

.31 

.44 

.38 

.19 

.40 

.35 

.27 

.17 

.16 

0.40 
















HeaTv soils 






7 
9 
11 
17 
20 
22 
23 
27 
28 
29 
1 
2 
12 
14 
18 
24 
25 
26 


.48 
.21 
.17 
.30 
.17 
.75 
.23 
.58 
.25 
.18 
.17 
.11 
.13 
.17 
.16 
.16 
.09 
.19 


.13 
.32 
.11 
.09 
.12 
.13 
.11 
.13 
.10 
.09 
.09 
.08 
.05 
.08 
.12 
.09 
.09 
.16 








































Hadlinn soils 

































aWohltmaon, Das Nahrestoff-Kapital west-deutscher BMen, Bonn, 1901. Analyses with cold hydro- 
chloric add. 

»8chmoeger Landw. Jahrb., vol. 34, p. 160 (1905). Blaock, Landw. Vers.-Sta.. 60, 405 (1904). The flrat 
2 soils wwe treated with hot concentrated hydroohlorio add. The following 5 soils wereb'^reatod wltti 
double strength hydroohlorio add, and for the last 2 soils complete analyses are givn. y vrrOOQl^ 
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Chemical compontian of the toiU o/ Germany— Continued. 



Description and locality. 


Original 

sample 

No. 


Potash 
(KsO). 


Fhosphorio 
(P«0»). 


Lime 
(CaO). 


ICamesia 
(MgO). 


WEST pRUSSiA-<»ntiDi]ed. 
Light noils . , 


4 

6 

10 

15 

16 

19 

30 

1 



20 

26 

4 

3 

2 

18 

11 

5 

13 

22 

24 

25 

26 

21 
22 
23 
24 
25 
1 
2 
5 
10 
11 
13 
1 
5 
10 
1 
3 
5 
8 
9 
1 
2 
4 
5 
6 


PercenL 
a21 
.11 
.04 
.07 
.07 
.07 
.08 
.047 
.063 
.265 
.066 
.040 
.419 
.074 
.024 
.148 
.804 
.129 
.031 
.025 
.03 
.066 
.149 
.06 
.304 
.266 

.029 

.088 

.051 

.019 

.04 

.010 

.092 

.063 

.04 

.024 

.009 


Percent 
0.10 
.23 
.19 
.06 
.09 
.00 
.10 
.016 
.036 
.028 
.02 
.022 
.061 
.016 
.016 
.023 
.015 
.019 
.019 
.028 
.011 
.029 
.04 
.012 
.015 
.01 

.08 
.018 
.003 
.011 
.01 
Trace. 
.02 
.000 
.021 
.021 
.003 


Percent. 
0.18 
.43 
.11 
.13 
.18 
.26 
.17 
.076 
.128 
.077 
.40 
.157 
.571 
.157 
.225 
.152 
.061 
.251 
.178 
.182 
.103 
.40 
.027 
.017 
.061 
.025 

.097 

.192 

.133 

.007 

.007 

.079 

.036 

.30 

.01 

.029 

.05 


PercenL 


























WofftDhaliftA liAntan Ddrmern 












































































Wettr'ngen, Blllc. and TTaddrop: 

1(a) 

I 


a063 
.045 

Trace. 

Trace. 

Trace. 
.048 
.032 




.032 
.029 
.031 
.036 


n 


.014 

.033 

.06 

.019 

.01 

.038 

.032 

.060 

.023 


.002 
.029 
.038 
Trace. 
.070 
.022 
.01 
.00 
.016 


.125 
.148 
.255 
.075 
.126 
.097 
.203 
.00 
.056 


Trace. 
.043 
.034 
.039 




.071 
.016 
.00 
.00 
.00 




.023 


.016 


.080 


.00 






















m 


.051 
.049 
.025 
.057 
.04 


Trace. 
.014 
.008 

Trace. 
.005 


.032 
.143 
.00 
.072 
Trace. 


.01 
.003 




.018 
.036 
.033 


IV 


.018 

.019 

.024 

.05 

.013 

.014 

.066 

.014 


.006 

.00 

.014 

.007 

.006 

.017 

.066 

.00 


.18 

.01 

.003 

.138 

.176 

.182 

.058 

.1*9 


Trace, 
.00 


V 


.024 
.004 
.025 




.014 

.20 

.031 


VI 


.028 
.024 


.03 
.018 


.014 
.028 


.008 




.014 














.oie* 


.023 


.286 


.083 



aHaselhoff and Brane. Die Haidebdden. West&lens, 1899 to 1908. 
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DeKriptton and locaUty. 


Original 


Potaah 
(KjO). 


Phosphoric 

acid 

(P«0»). 


Lime 
(CaO). 


Macneaia 
(MgO). 














Wettrtofen, Bilk, and Haddrop-Oont'd. 




Percent. 


Percent. 


Percent. 


Percent 


vn 


f 

8 
16 


a 016 
.019 


a 015 
.016 


a 021 
.261 


a021 




.003 




.663' 


.*6i2* 


.*d25* 


.'667 




22 


.027 


.014 


.06 


Trace. 




23 

1 
6 
8 










VTTT 


.'022* 


.'ii * 


.*d6*' 


Trace. 








.614' 


.*d56' 


.'675* 


.'023 




12 


.038 


.031 


.072 


.028 




13 
16 












.027' 


.*667* 


.6i * 


.016 




20 


.028 


.018 


.063 


.002 


IX 


2 
3 
12 


.001 


.066 


.063 


.102 








.06** 


.*d26* 


.*643* 


'm 




14 


.023 


.00 


.041 


.081 




20 


.020 


.00 


.061 


.092 




21 


.032 


.00 


.075 


.037 




24 
28 












.*dB6* 


.'628* 


.'083* 


.*6i8 




32 


.040 


.013 


.066 


.017 


X 


3 












.*d27* 


.*6i6* 


Trace. 


'.m 






.061 


.014 


Trace. 


.014 




13 


.044 


.023 


.155 


.004 




16 


.063 


.013 


.075 


Trace. 


HandorfaodTelgte 




.008 


.071 


.112 


.018 






.076 


.012 


.023 


.008 






.067 


.019 


.077 


.022 






.068 


.032 


.135 


.017 






.026 


.025 


.119 


.005 






.012 


.038 


.00 


.008 




10 


.106 


.028 


.114 


.032 




16 


.127 


.061 


.046 


.129 




20 


.114 


.053 


.166 


.131 






.103 


.041 


.023 


.17 






.037 


.043 


.112 


.123 




10 


.06 


.032 


.096 


.037 




18 


. .068 


.097 


.092 


.06 




20 


.026 


.16 


.16 


.14 


Stlfaorlti. Gabnar, and Oiabta. 




.023 


.039 


.865 


.062 


■r^ ^^h^^lAA* V^f ■^^ ^^k^^*-^** f ^^^F^ -w^^^B^V^"* ••••**«••■• 




.129 


.027 


.178 








.071 


.028 


.042 


*Traoe! 






.01 


.039 


.543 


.045 






.201 


.028 


.337 


.094 






.066 


.036 


.117 


.00 




12 


.167 


.068 


.154 


.02 






.028 


.039 


.365 


.062 






.120 


.027 


.178 






8 


.201 


.028 


.837 


.'094 




12 


.053 


.024 


.348 


.00 




16 


.003 


.04 


.188 


.01 


Wiadanlvaok 




.064 
.063 


.021 
.063 


.12 
.348 


.113 






.063 






.063 


.062 


.288 


.079 






.073 


.07 


.961 


.278 






.06 


.032 


.106 


.049 






.073 


.006 


.075 


.021 






.116 


.024 


.14 


.064 






.045 


.011 


.063 


.088 






.000 


.022 


.048 


.017 






.148 


.011 


.418 


.063 






.033 


.078 


.183 


.076 






.146 


.10 


.106 


.061 






.048 


.027 


.194 


.046 






.006 


.009 


.062 


.01 






.022 


.060 


.068 


.031 






.004 


.016 


.073 


.027 






.004 


.023 


.116 


.032 






.014 


.032 


.174 


.191 






.025 


.037 


.091 


.028 






.006 


.031 


.079 


.02 






.061 


.066 


.206 


.013 






.on 


.034 


.113 


.014 
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Chemiail compontion of the 9oili of Oermany—Contmned. 



Description and locality. 


Original 

sample 

No. 


Potash 
(K.O). 


Phosphoric 

acid 

(PfOO. 


Lime 
(CaO). 


ICaenesia 
(MfO). 


WK8T PBuasiA— continued. 
















Percent. 


PereenL 


PereenL 


Pereemi. 


WddenbrOck 




0.017 
.02 


a029 
.029 


ao6 

.04 


a 015 






.03 






.101 


.03 


.165 


.012 






.002 


.013 


.03 


.009 






.018 


.018 


.21 


.028 






.040 


.029 


.04 


.026 






.064 


.014 


.061 


.011 






.043 


.027 


.12 


.01 






.017 


.065 


.048 


.015 






.068 


.024 


.093 


.064 






.157 


.015 


.078 


.032 






.07 


.034 


.065 


.016 






.021 


.03 


.012 


.015 






.030 


.014 


.028 


.Oil 






.014 


.064 


.038 


.009 






.042 


.009 


.063 


.022 






.123 


.014 


.08 


.085 






.019 


.016 


.14 


.02 






.033 


.032 


.23 


.002 






.061 


.022 


.51 


.058 






.041 


.015 


.035 


.003 






.076 


.006 


.048 


.006 






.066 
.04 
.024 


.01 

.011 

.021 


.028 
.023 
.073 










''qQ5 






.033 


.041 


.09 


.038 






.062 


.038 


.07 


.042 






.042 


.023 


.10 


.027 






.066 


.020 


.178 


.034 






.029 


.006 


.035 


.016 






.068 


.019 


.08 


.016 






.026 


.022 


.023 


.013 






.061 


.021 


.04 


.006 


^ 




.036 
.06 


.009 
.082 


.02 
.025 






.022 






.016 


.035 


.15 


.02 






.013 


.029 


.143 


.021 






.090 


.013 


.043 


.014 






.032 


.018 


.065 


.011 






.047 


.035 


.043 


Trace. 






.063 


.019 


.045 


Trace. 






.062 


.029 


.04 


.014 






.061 


.003 


.045 


.009 






.126 


.032 


.035 


.001 






.166 


.012 


.038 


.005 






.041 


.013 


.062 


.023 






.031 


.009 


.074 


.009 






.015 


.027 


.123 


.007 






.03 


.066 


.065 


.006 






.063 


Trace. 


.012 


Trace. 






.042 


.006 


.023 


Trace. 






.036 


.006 


.09 


.007 






.034 


.011 


.11 


Trace. 






.048 


Trace. 


.088 


Trace. 






.006 


.021 


.12 


Trace. 






.079 


.006 


.006 


Trace. 






.091 


.021 


.013 


.007 






.065 


.008 


.01 


Trace. 


Aftndsee* 




.066 
.116 
.074 
.094 


.048 
.158 
.072 
.06 


.343 
.317 
.912 
.285 


.041 


Weasinga 




.132 


" »""'•■■» •• ••• 

Harpe • 




.048 


Sohuri^offo 




.074 


Sohwemsala 




.191 
.446 
.339 


.003 
.064 
.148 


.563 

.084 

5.75 


.342 


Lauchstadta 




.52 


Vitzenburg • 




L666 


WeKnif* 




.167 
.610 


.08 
.814 


.603 
4.019 


.338 


»W ^HMU^ 




L257 






.277 


.158 


.81 


.836 


East Prussia 




.3336 


.1180 


1.059 


.2026 






.3486 


.1113 


1.093 


.1529 






.68 


.09 


.41 


L16 






.81 


.18 


.48 


L87 






.14 


.13 


.50 


L17 






.15 


.11 


.38 


.79 






.84 


.11 


LOS 


.18 






8.10 


.252 


L99 


LOO 






8.23 


.246 


L82 


L18 



• SchBaidewlnd, Meyer and Frese. Landw. Jahrb., 85, 927 (1906). Analyaea made with 10 per cent hydriK 
chloric add, except in the case of phosphoric add, when complete analyses are gtven^y t 
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Chemical eomposUion of the eoili ofCfermany — Continued. 



Deacription and locality. 


Original 

sample 

No. 


Potash 
(KtO). 


Phosphoric 

acid 

(PfO.). 


Lime 
(CaO). 


Magnesia 
(MgO). 


OLDSNBUBO.* 


1 
2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
32 
33 
34 
35 
36 
37 
38 


Percent. 
2.23 
2.14 
.73 
.89 
.62 
.26 
.17 
.46 
.41 
.43 
.44 
.39 
.62 
.44 
.44 
.38 
.46 
.33 
.24 
.62 
.37 

:38 
.33 
.33 
.82 
.46 
.67 
.64 
.32 
.43 
.49 
.56 
.66 
.60 
1.00 
.18 
.30 
.86 
.69 
.66 
.68 
.62 
.66 

.091 
.077 
.009 
.068 
.046 
.066 
.060 


Percent. 
0.-26 
.21 
.21 
.18 
.23 
.12 
.08 
.05 
.13 
.26 
.16 
.11 
.05 
.18 
.11 
.16 
.10 
.13 
.10 
.12 
.11 
.13 
.09 
.16 
.16 
.11 
.14 
.18 
.10 
.12 
.12 
.20 
.19 
.19 
.28 
.06 
.11 
.10 
.151 
.152 
.193 
.235 
.26 

.276 

.272 

.256 

.34 

.183 

.266 

.243 

.185 

.211 

.397 

.166 


Percent. 

4.34 

4. -24 

5.86 

6.57 

7.09 

.43 

2.52 

.10 

.14 

.50 

3.28 

3.'28 

.11 

.19 

.24 

.28 


Percent. 
1.66 




1.41 
1.71 
1.81 
1.85 


















































.21 
.95 
.42 
.39 
.33 
1.53 
1.26 
1.16 
.78 
.39 
.60 
2.40 
.46 
.46 
.47 
.49 
4.99 
4.48 
.62 
.46 
2.27 
3.87 
4.88 
&16 
6.28 

4.82 

8.51 
2,77 
2.13 
1.60 
1.20 

.921 
2.85 
1.19 
1.26 

.471 
















































































Bhmhmn^itr Orodfin ....... 




BHeiMwrtannTngr Orod«n 












A4«nif»l4ff Omifkn 






P«t«fB Oroden 






BATABU AJn> WURTTSMBBlte.k 

MoorsoCto 


606 
607 
610 
609 
612 
611 
613 
232 
233 
234 
286 
60 
248 
223 
219 
243 
246 
224 
461 
242 
241 
249 
462 
463 
222 
454 
247 
244 
220 


































.237 

.1266 

.067 

.0764 

.0761 

.0611 

.0660 

.0738 

.0665 

.0566 

.0517 

.0638 

.0588 

.0478 

.0646 

.0682 

.0406 


















.139 
.119 
.146 
.147 
.122 
.166 
.127 
.183 
.121 
.086 
.142 
.127 
.117 
.107 
.129 
.094 
.069 


.529 

.387 

.681 

.506 

.338 

.454 

.450 

.657 

.331 

.61 

.841 

.254 

.397 

.825 

.421 

.377 

.168 


























































.0467 
.0608 













•Behncht, Jom. Lsndw., S3, p. 823 (1906). Ifaeroker, ZosamnMnsetziing and Dflngerbedfirfiiis Olden- 
bonJCanolierden und deren Bewlrtsohatinig, Berlin, 1806. 
» Ykrtaliahraflaohr. bayer. Landw.-Rat, 10, B«r. Arbeiten ; 



[ten Moorlnilt. 1904. 
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Chemical composition of the eoili of Oermany — Continued. 



DMcriptlon and locaUty. 


Original 

sample 
No. 


Potash 
(K,0). 


Phoephoilo 


Lime 
(CaO). 


Magnesia 

(iSo). 


BAVARIA Ain) WURTTBMBBRG— continued. 

ICoor soils 


221 
237 
245 
239 
240 
236 
238 
580 
581 
603 
504 
502 
585 
589 
501 
505 

sn 

586 
578 
583 
675 
572 
579 
587 
576 
574 
588 
684 
500 
682 
573 
644 
542 
1076 
547 
540 
541 
536 
1074 
1071 
589 
537 
538 
543 
546 
1073 
1075 
1072 
545 


Percmft. 


Perunt. 
0.094 
.076 
.106 
.098 
.085 
.066 
.061 
.097 
.098 
.125 
.151 
.106 
.152 
.121 
.135 
.114 
.18 
.158 
.164 
.108 
.194 
.146 
.163 
.117 
.129 
.127 
.113 
.068 
.002 
.006 
.121 
.184 
.152 
.260 
.206 
.156 
.110 
.164 
.217 
.182 
.158 
.106 
.063 
.189 
.074 
.20 
.207 
.177 
.004 
.16 
.13 
.13 
.18 
.19 
.14 
.U 
.15 


Percent. 
a535 
.868 
.214 
.871 
.616 
.844 
.333 
.36 
.404 
.28 
.257 
.439 
.272 
.217 
.806 
.228 
.24 
.866 
.29 
.289 
.82 
.812 
.836 
.260 
.208 
.867 
.265 
.818 
.517 
.813 
.401 
.388 
.39 
.536 
.826 
.89 
.425 
.419 
.423 
.58 
1.02 
.40 
.615 
.825 
2.73 
.576 
.078 
.906 
.742 
14.95 
14.10 
12.60 
16.76 
ia26 
12.20 
16.40 
17.80 
47.00 
.00 
.05 
.17 
.19 
.02 
.00 
.014 
.25 
.63 
6.6 
.60 
.60 
.80 
.48 
.064 
.29 
.072 
.242 


Percent. 




0.0365 
.0386 
.032 
.0307 
.028 
.0238 
.116 
.007 
.075 
.074 
.065 
.076 
.0686 
.0457 
.064 
.063 
.074 
































• 










































.066 

.060 

.061 

.047 

.0451 

.041 

.046 

.043 

.042 

.037 

.033 

.021 

.0794 

.0687 

.0668 

.073 

.0620 

.0635 








































































. 






.068 
.068 
.0482 


















.0473 

.030 

.0293 

.042 

.064 

.041 




























LOfltOSOtlB' 


.15 
.12 
.13 
.14 
.12 
.18 
.18 
.20 


aoe 




1.20 
1.20 
Trace. 
.61 
Trace. 
.20 
.93 
.46 


Iflddle-iandstone sollsft 


.06 

.05 

.06 

.06 

.08 

.00 

.19 

.17 

.13 

2.83 

2.47 

.81 

2.68 

2.57 

.109 

.41 

.026 

.108 


.05 
.04 
.07 
.06 
.02 
.00 
.06 
.18 
.84 


.05 


North Oennan Dlaln lo6S8 * 


.04 
.19 
.14 
.02 
.27 
.08 
.00 
.16 
1.37 








.25 






.17 






.72 






.70 


HlKhf#n<1 


.115 
.06 
.088 
.03 


.238 






.64 

.075 

.161 



• Halenke, Kllng and Ennls, VlertelJahressch. bayer. Laodw.-Rat, 10, 447 (1905). 

* Blanck, Xgndw. Vers.-^ta., 66, 161 (1906). 
« Burgujr, uber die BOdenverh&ltnisse des norddeatsohen Flaohlandes in Hirer Beiiehang imn 

■Qhen AoflMUi desselben. Inaug.-Diss. Berihi, 1800. r^ ^^ ^^^ i ^ 
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Appendix C. 

WATXB SOIiUBIiB OOKSnTXTSNTB OV 80ZX« 

Locality^ SdUm^ N, J. Soil typCy Norfolk sand. Crop, wheat. 
[Yield of crop, good.] 



105 





Depth. 


Moisture 
content. 


Parts per million of oven-dried soil. 


Date. 


Phosi^oric 
acid 0*04). 


Calcium 
(Ca). 


Potassium 
(K). 


Wtndi 10 


Imdut. 
0-12 
12-24 
1-24 
1-24 
1-24 


PercenL 
13.2 
11.6 
4.3 
4.6 
0.6 


12 
7 
4 
6 
2 


6 
6 
14 
13 
14 


12 


Jniie8 


16 
13 


June 13 ~. 

7mifl 10 


17 
24 







Locality y Saleniy N, J, Soil type, Norfolk sand. Crop, wheat, 
[Yield of crop, poor.] 





Depth. 


Moisture 
content. 


Parts per million of oven-dried soil. 


Date. 


Phosphoric 
acid(P04). 


Calcium 
(Ca). 


Potassium 
(K). 


AjmU 3 


Incket. 
0-12 
12-24 
1-24 


PercenL 
12 
12 
0.3 


11 
10 

4 


6 
3 
29 


32 


June 16 


22 

20 







Locality, Salem, N. J. Soil type. Sassafras loam. Crop, wheat. 
[Yield of crop, medium.] 









Parts per million of oven-dried soil. 




Depth. 


Moisture 
content. 




Date. 


Phosphoric 
acid (PO4). 


Calcium 


Potassium 








(Ca). 


(K). 




Jnehet. 


Percent. 








March to 


0-12 


23.2 


10 


10 


8 




12-24 


21.6 


11 


10 


14 


Marchl4 


0-12 


22.3 


18 


8 


18 




12-24 


2a2 


16 


12 


21 




24-36 


2a3 


18 


17 


16 


March20 


0-12 


19.3 


7 


10 


21 




12-24 


1&6 


4 


11 


21 




24^ 


12.6 


6 


12 


21 


Jmie 10 


1-24 


22.6 


4 


24 


23 







Locality, Salem, N. J, Soil type. Sassafras loam. Crop, grass. 
[Condition of crop, medium.] 





Depth. 


Moisture 
content. 


Parts per million of oven-dried soil. 


Date. 


aci?fp04)^ 


Calcium 
(Ca). 


Potassium 
(K). 


March 10. 


Inehet. 

0-12 
12-24 
24-36 

0-12 
12-24 
24-36 

0-12 
12-24 

0-12 
12-24 
24-M 


Percent. 
26 
23.8 
19.0 
2&8 
23.1 
21.8 
23 
21.6 
24.8 
24 
2L4 


13 

16 
21 

11 


28 
26 
8 
12 
12 
16 
23 
20 
16 
21 


18 


March 14 


13 
16 
21 


Hai^Sl 


16 
21 
43 


April 2 


84 
41 




38 
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Locality , Salem, N, J. Soil, type, Sassc^raa loam. Crop, uheaX, 
[Yield of crop, good.] 



Date. 



Depth. 



Moistiue 
oontent. 



Parts per milUon of oven-dried soO. 



Phosphoric 
acld(P04). 



Calcium 
(Ca). 



Potassium 
(K). 



March 17 
March 17 
Match 24 
March 26 

April 2. . 

Jane 6. . . 

Jane 8. . . 
Jane 11.. 
June 13. . 
June 16. . 
June 17.. 



Ifieket. 
0-12 

12-24 
0-12 

12-24 
0-12 

12-24 
0-12 

12-24 

24-36 
0-12 

12-24 

24-36 
0-12 

12-24 
1-24 
1-24 
1-24 
1-24 
1-24 



Percent. 
22 

lai 
las 
lai 

24.7 
22.8 
23.4 
23.0 
22.4 
25.6 
24.4 
21.6 
&2 
8 

10 6 
1&6 

a2 

16 
10 6 



10 
14 
Lost. 
26 
80 
88 
16 
20 
21 
80 
47 
88 
23 
82 
18 
14 
22 
10 
17 



Locality y Salem, N. J. Soil type, SassafraM loam. Crop, clover. 
[Yield of crop, medium.] 





Depth. 


Molstoro 
oontent. 


Parts per million of oveo-diled soU. 


Date. 


Phos^orio 
acldff'04). 


Calcium 
(Ca). 


Potassium 
(K). 


Mandi20 


Inchet. 

0-12 
12-24 
24-86 

0-12 
12-24 
24-36 

0-12 
12-24 


Percent. 
208 
202 

ia6 

26.8 
22.0 
22.6 

ai 

12.7 




16 
16 
12 
81 
20 
14 
16 
IB 


82 


Mar^^ 


27 
86 
20 


Jane 6 , r , . r r - - 


18 
20 
17 




20 



Locality, St. Marys, Md. Soil type, Leonardtoum loam. Crop, wheat, 
[Yield of crop, good.] 



•Date. 



April 27.. 

April 29.. 

Mayl.... 

Mayl.... 

MayO.... 

May 15... 

August 14 
August 15 
August 16 



Depth. 



IneJies. 

0-12 
12-24 

0-12 
12-24 

0-12 
12-24 

0-13 
12-24 

0-12 
12-24 

0-12 
12-24 

0-24 

0-24 

0-24 



Moisture 
oootent 



Percent. 
21.8 
21.3 
22.2 
21.8 
22.4 
21.8 
17 
21 
15 
l&O 
14 2 
10.0 
16 

15.7 
16.4 



Parts per mlUlon of oven-dried soil. 



Fhosphcxlc 
aoid0FO4). 



Caldam 
(Ca). 



Potassium 

(K). 



13 
10 
52 
38 
23 
30 
25 
19 
28 
26 
24 
25 
13 
17 
16 
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Locality^ St. Marys, Md. Soil type, Leanardtovm loam. Crop, wheat, 
[Yield of orop, poor.] 





Depth. 


Moisture 
content. 


Parts per mlllioo of oven-dried soO. 


Date. 


Phosphoric 
add 0*04). 


Caldum 
(Ca). 


Potassium 
(K). 


May 14 


/Mdk«t. 

0-12 
12-24 

0-12 
12-24 

0-24 

0-24 


Percent, 
14.7 
10.0 
7.8 
14.0 
16 
10.6 




11 


36 


May 28 


30 
22 


AunistM 


23 
16 


August 16 


18 







Locality, St, Marys, Md. Soil type, Leonardtown loam. Crop, com, 
[Yield of crop, good.] 





Depth. 


Moisture 
content 




Date. 


Phosphoric 
addCPO*). 


Calduxn 
(Ca). 


Potasshmi 
(K). 


Mays 


Indui. 

0-12 
12-24 

0-12 
12-24 

0-24 


Percent 
1&2 

18.0 
IS. 2 
18.8 
17.6 



10 
3 
6 
7 


12 
7 
24 
10 
30 


20 


May 18 


26 
38 


Augusts 


28 
18 







Locality, St. Marys, Md. Soil type, Leonardtovm ham. Crop, com, 
[Yield of crop, poor.] 





Depth. 


Moisture 
content. 


Parts per million of oven-dried sofl. 


Date. 


Phosj^oric 
aclda*04). 


Calcium 
(Ca). 


Potassium 
(K). 


May23,. ., 


Indue. 
0-12 
12-24 
0-24 
0-24 


Percent 
16.6 
17.4 
10.0 
21.6 


6 
6 

7 


12 
8 
25 
16 


22 


August 8 


22 

20 


August 16 


18 







Locality, Statesville, N. C. Soil type, Cecil clay. Crop, clover, 
[Yield of crop, good.] 





Depth. 


MolstuiB 
oootent 


Parts per million of oven-dried solL 


Date. 


Phosphoric 
acid(PO«). 


Calcium 
(Ca). 


Potassium 
(K). 


Maidii7 


Indus, 
0-12 

12-24 
0-12 

12-24 

24-36 
0-12 

12-24 
0-17 
0-24 


Percent 
19.6 
20.0 
24.7 
36.1 
80.7 
20.2 
21.4 
1&8 
20 


7 
13 
16 
18 
22 
10 
12 

2 
24 












Mflich 17 
















10 


MaiKdii7 












August 7 




84 










/=^^-^ 


^^T^ 
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COMMERCIAL FERTILIZERS AND FERTILIZER INSPECTION. 



By Dr. Milton Whitney, 
Chief of Bureau of Soils, United States Department of Agriculture. 



It has been shown in the discussion of " Crop Yields and Soil Coin- 
position" that there are three principal methods of control of soil 
fertility, a subject which is the very foundation of the material wealth 
of this nation and of its position among the countries of the world ; 
these are cultivation, rotation of crops, aiid fertilization. Of these, 
the first two are in the hands of the larmer himself, and require only 
knowledge, intelligence, and skill in manipulation. Fertilizing ma- 
terials, however, have, to a very large extent, to be gathered for 
him from different parts of the world and manipulated before they 
are ready to be applied to the land. 

It was early found that unscrupulous manufacturers were readv to, 
and actually did, perpetrate gross frauds upon the farmers by selling 
worthless material for exorbitant prices.® The first practical method 
devised to meet the situation in this country was a voluntary ajgree- 
ment or understanding between the manufacturers, dealers, and rarm- 
ers, to submit for analysis samples of all brands offered for sale or 
purchased in a State to some competent chemist in the agricultural 
society, state department of agriculture, or experiment station, as a 
final arbiter. Such an agreement was entered into in Connecticut in 
1876, and the reasons for it and terms of agreement are given in an 
appendix of this article. * Subsequent to this, most of the States 

Eassed very strict and comprehensive fertilizer-control laws, which 
ave worked admirably in preventing frauds, to the advantagje alike 
of manufacturers and farmers. Broadly speaking, this regulation has 
been vested in the state experiment stations in the Nortnern States 
and in the state departments of agriculture in the Southern States, 
and is based upon the general policy of police regulations for the pub- 
lic good. Generally speaking, also, a fee is exacted from the manu- 
facturers in the Northern States, based upon the number of valuable 
plant- food constituents (phosphoric acid^ nitrogen, and potash) 
claimed to be present in the fertilizers, while in the Southern States, 

« See transactions of the Ck)imectlcut State Agricultural Society for the year 
1869, p. 41. 

^ Previous to this, however, the State passed a law making It mandatory for 
aU manufacturers or dealers to affix a guaranteed analysis to each package of 
fertilizer, with certain exceptions, and authorizing the president of the State 
Agricultural Society to have analyses made at his discretion, and prosecute for 
frauds, under his Judgment 
108 
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besides a fee for remstration of brands, a tax of so much per ton is 
exacted, thus provimng a considerable revenue for the State. 

On account of the interstate character of the fertilizer trade, it 
has not been possible for the state authorities to maintain a factory 
inspection, and they have had to rely upon the guaranty of the 
manufacturer as to the nature of the material which has been put 
into the fertilizer (which statement is generally considered confi- 
dential), and upon their own analysis of samples picked up at ran- 
dom in the open market This has, from the first, been recognized as 
a weak point in the present fertilizer-control system. The analysis 
is recognized as merely a commercial valuation, with little or no con- 
nection with the agricultural values of the fertilizer. 

At first the inspecting officers determined merely the total amount 
of nitrogen, the water soluble potash, and the water and citric acid 
soluble phosphoric acid, and allowed a liberal value for each of 
these ingredients when contained in a mixture, -based upon the as- 
sumption that only high-grade goods had been used by the manufac- 
turer. The tendency in quite recent years, however, is for the inspect- 
ing officers to make more complete analyses, in an effort to show more 
about the origin of the materials in the mixtures. It is obviously 
impossible from any analysis, however complete, or from any micro- 
scopical investigation to determine with accuracy the character of 
the material that has been used, and the only method by which such 
information could be reliably placed before the purchasers would be 
by factory inspection, in which the kind and amount of material used 
in the mixture would be certified on the package and vouched for 
by the impartial inspector. 

The reason for the beneficial effects of fertilizers has long been 
held « to be due to the supply of mineral plant food to the soil in a 
more soluble or available form than is found in soils of low produc- 
tivity. That this is not the most important function of fertilizers 
has long b^n suspected by thoughtful men, who could not reconcile 
many well-known and obvious facts with this plant-food theory. 
Nevertheless, it was not until the investigations of the Bureau of Soils 
into the chemistry of the mineral portion of the soil, showing the re- 
markable constancy of composition of the soil moisture and de- 
monstrating the reasons for this, that we were able to say conclusively 
that this is not the chief nor most important function of fertilizers. 
Not until the researches on the chemistry on organic matter in the 
soil had revealed the presence of toxic organic bodies, resulting from 
the growth of crops, and the analogy was seen with the metabolic 
processes of the animal body, and the processes for the elimination of 
the waste products so formed, did rational reasons for cultivation, 
crop rotation, and fertilizers become apparent, among others being the 
elimination of harmful waste products and the preservation of proper 
sanitary conditions in the soil. It was then evident also why the 
ordinary chemical analysis of the soil had failed to reveal the ferti- 

•The use of commercial fertilizers is not old. The first lot of natural guano 
was imported into England in 1840, and nitrate of soda about 1830. The potash 
deposits of Germany were first worked in 1862. The phosphate deposits In 
South Carolina in 1868. Phosphates were discovered in Florida in 1888» and in 
Tennessee in 1894. 
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lizer requirements, and why different subs*^ances, having the same 
chemical ingredients, often have very different effects on soils and 
crops. 

A great fertilizer trade, estimated at from $80,000,000 to $100,000,000, 
or approximately 1 per cent of the total value of our agricultural 

Clucts, has been built up on the supposition that soils wear out and 
me exhausted of their available mineral food, and that it is neces- 
sary, in order to maintain the fertility of our soils, to bring nitrates 
from Chile, potash from Germany, and phosphates fr(Mn certain 
deposits in this country in order to return to the soil the equivalent 
of what is removed by our crops. 

That it is the material and not the element which determines the 
possible agricultural value of the fertilizer is becoming more and 
more evident every day. Most of the States prohibit the incorpora- 
tion into commercial fertilizers of such substances as ground leather, 
horn shavings, feathers, hair, wool waste, or muck, although tliese are 
highly nitrogenous, because it is the general belief that mey are in- 
eflfective when applied to the soil. It is not believed by competent 
persons that nitrate of soda, sulphate of ammonia, and the various 
organic forms of nitrogen commonly used in fertilizers are equally 
eflfective on all soils, crops, and in all seasons. Indeed, we have 
undoubted evidence that they may differ widely, and yet we apply 
them indiscriminately and without certain knowledge of what we are 
using in our commercial fertilizers. The same way with the materials 
furnishing phosphoric acid and, to a less extent, with potash. It is 
true that tne inspecting officers of the various States are making 
more complete analyses in order to determine more nearly the nature 
of the materials in the mixture, to verify the statement of the manu- 
facturers, but it is admitted that this is only approximate and incom- 
plete. There is nothing accomplished by the present system of in- 
spection which the factory inspection would not show much better, 
besides giving the certain information that we are purchasing nitro- 
gen in the form of nitrate of soda, sulphate of ammonia, cotton-seed 
meal, tankage, and other forms, which information may be the means 
of insuring success and of establishing a rational system of fertiliza- 
tion which up to this time has not prevailed in this country. In the 
nature of the case the States can not maintain a general factory 
inspection, but the Federal Government can, as they do in meat in- 
spection.« The chief objection to federal inspection has been that it 
would remove certain sources of revenue from the States, but there 
seems no valid reason why even with federal inspection the States 
can not still exact a fee from dealers and a tonnage tax on the amount 
sold in the State. 

It has been stated above that there is lio rational system of fertiliza- 
tion in general use in this country, and in this respect the United 
States appears to be far behind some European countries. We have, 
indeed, a general idea of the form of fertilizer material adapted to 
some of our soils and crops and some idea of the relation of soil condi- 
tions and climatic conditions to fertilizer action, but these ideas are 
not based upon exact facts and are not practically applied by our 
fertilizer manufacturers or farmers. 

• The Twelfth Census gives 422 fertilizer manufacturers in the United States. 
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The advice of our agricultural chemists and agronomists is almost 
universal that farmers should test their soils by plot experiments to 
determine the most efficient forms and combinations of fertilizers. 
Such experiments are costly and take time, and results vary with dif- 
ferent seasons. Such of our experiment stations as have carried on 
these fertilizer tests hesitate to draw conclusions with less than an 
average of ten years. One of the most recent of the standard books 
on fertilizers « asserts in the most cautious way and with many quali- 
fications that com is particularly responsive to phosphates, cereal 
crops to nitrates, grasses and clovers to phosphoric acid and potash, 
beets and carrots to nitrogen, potatoes and sweet potatoes to potash, 
and truck crops to nitrogen, and yet with only this meager informa- 
tion, not pretending to fe exact or invariable, we find a multitude of 
brands on the market, many of them being prepared and recom- 
mended for special crops. Chie has but to look up the reports of the 
departments of agriculture and state experiment stations charged 
with the inspection of fertilizer materials to see the absolute lack of 
system which prevails in the fertilizer trade. The tendency in this 
country seems to be to increase the number of special brands for 
special crops, but there is an absolute lack of uniformity, even in the 
elementary composition of these special brands. 

As a rule, the fertilizer formulae are simpler and more uniform in 
the South than in the North, and there are also a less number of 
special brands for special crops. For example, there are very few 
fertilizers for special crops offered in the States of Alabama and 
Georgia. In North Carolina about 28 per cent of the whole number 
of brands of fertilizers sold in the State are recommended for special 
crops. In Connecticut 45 per cent of the whole number of brands 
sola are special brands for special crops. In the State of Georgia 
there were 1,822 brands inspected, analyzed, and placed upon the 
market for sale in 1908. Of these, 1,260 brands contained two or 
more of the plant-food elements (^phosphoric acid and nitrogen or 
potash) in 106 different combinations, as shown on the guaranties; 
1443 of these brands, or 90 per cent, contained 6 or more identical 
guaranties covered by 26 combinations ; there were 255 brands, or 
27 per cent, of the complete fertilizers which contained 10 per cent of 

Phosphoric acid, 2 per cent of ammonia, and 2 per cent of potash. 
liere were 242 brands, or 26 per cent, which contained 8 per cent of 
phosphoric acid, 2 per cent of ammonia, and 2 per cent of potash. If 
these brands differ in the material of which they are composed, the 
farmers should know it to enable them to make a more intelligent 
selection for their particular soils and crops, but there is no way in 
which they can fina out whether the branas differ or not. It is "also 
to the interest of the manufacturer to have this known. The brands 
undoubtedly differ in effectiveness by reason of the materials which 
they contain, and we are sadly neglecting our opportunities of devel- 
oping agricultural practice by failure to know the material these 
fertilizers actually contain. t)f the 33 special brands for tobacco 
placed on sale in the State of Connecticut, phosphoric acid ranges 
rrom 3 to 9 per cent, ammonia from 2 to 7J per cent, and potash from 

• FerUllzers, by Edward B. Voorhees, 1002. 
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2 to 11 per cent; there are 24 different combinations in the 83 brands 
issued for this very limited crop in Connecticut. Instances of this 
kind could be multiplied almost indefinitely, and it is considered 
best to submit with tnis report an appendix giving a very complete 
analysis of the figures relating to the fertilizers on sale in three of 
the Southern States (Alabama, Georgia, and North Carolina) where 
the fertilizer control is under the state departments of agriculture, 
and in three of the Northern States (Maine, Massachusetts, and Con- 
necticut) where the fertilizer control is vested in the state experiment 
stations. 

Most of the States regulate by law, or by executive order under 
authority of law, material which may or may not be used in conmier- 
cial fertilizers and the words which may be printed or stamped on 
the brands. Thus the State of Georgia prohibits the use of the word 
" standard " in connection with a brand containing less than the com- 
mercial equivalent of 8 per cent of phosphoric acid, 2 per cent of 
ammonia, and 2 per cent of potash ; and of the words " high grade " 
on any fertilizer containing less than the commercial equivalent of 10 
per cent phosphoric acid, 2 per cent ammonia, and 2 per cent potash, 
although both of these combinations are far below the combinations 
recommended by the state department of agriculture for crops. 

It is the general belief at the present time that a fertilizer for 
tobacco should be rich in potash, and that for cigar tobacco the 
potash should be in the form of carbonate, yet we find in Connecticut 
special brands for tobacco with from 1 to 3 per cent of potash, and 
so far as the evidence permits one to judge the potash in the majority 
of brands is not in the form of carbonate. It would seem that it 
would be possible by law, and a protection to the farmers, to pro- 
hibit the use of the word " tobacco " on a brand of fertilizer con- 
taining less than 6 per cent of potash, to be contained in the form 
of carbonate only. 

It is the general belief that potatoes require fertilizers rich in pot- 
ash, and that it is better to have the potash in the form of sulphate, 
yet we find brands of special fertilizers for potatoes offered for sale 
in Maine with only 2 and 3 per cent of this ingredient In this case 
also it should be possible under the law, and a protection to the 
farmers, to prohibit the use of the word " potatoes" on any special 
brand for potatoes with less than a minimum of, say, 6 per cent of 
potash, and this in the form of sulphate only. 

It is believed and taught by the Maine Experiment Station « that 
nitrogen for potatoes should be in the form of nitrate nitrogen, and 
yet even in that State the principle is not enforced by law, and the 
nitrogen supply in special fertilizer brands for potatoes is of such 
form as may be determined by the manufacturer. It is the general 
belief that sugar beets require a fertilizer rich in potash, and that it 
is best to have this in the form of chloride or muriate ; but no particu- 
lar attention seems to be paid to this in the preparation or special 
brands, and farmers do not know what materials they are purchasing, 
and can not know with the best system of inspection which is being 
maintained by any State. 

Instances could be multiplied indefinitely where our practice does 
not conform even to our present best knowledge. 

«Bul. 153, Maine Agr. Expt Sta., March, 1908, p. 105. 
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The only conclusions that can be arrived at from the study of this 
material are — 

That the form of inspection that has prevailed in the past is in- 
adequate for the CTowing needs of the farmer for more definite and 
more explicit information in regard to the composition of the 
materials going into the commercial fertilizers, and that proper in- 
spection can only be made by the Federal Government on account of 
tne interstate character of the fertilizer trade. 

That there is no rational system of fertilization in this country, and 
although we have an enormous trade in fertilizing material, it is 
absolutely necessary that the whole question of the effective composi- 
tion of lertilizers be investigated in order to work out the most 
effective and most efficient system of fertilization. 

And that our knowledge of the requirements of special fertilizers 
for special soil§ and crops is wholly inadequate to the needs of our 
people, and the subject requires a thorough and complete investiga- 
tion in order that we may use our valuable fertilizing materials to 
the best advantage, making this method of the control of soil fertility 
of the higest efficiency. The time has come when we begin to know 
something of the true principles of fertilizer action and when the 
methods of investigation are adequate to solve this very intricate 

Eroblem, which has grown to enormous proportions upon no adequate 
nowledge or basic efforts to insure the success which we should rea- 
sonably expect. 



Appendix A. 

XXTBAOTB FROM OF9IOIAI* BXFORTS AND BTANDABD BOOKB ON FBBTII«IZJBJUi. 

The following extracts do not pretend to be a complete rC^sum^ of the literature 
on fertilizers, as the subject is very voluminous, but only to give a few striking 
statements from recognized authorities on the points which have been made in 
the preceding report: 

In its work in connection with commercial fertilizers, in detecting and driving 
out frauds, placing the trade on a rational basis, encouraging honest manufac- 
turers and sellers, and teaching farmers how to select their fertilizers wisely 
and use them with profit, its [the experiment station's] usefulness can not be 
overestimated. (First Annual Report, Oorni. Agr. Expt. Sta.. 1S7C, prefatory 
note, p. 3.) 

The means adopted by the station to regulate the sale of fertilizers in the 
State has been explained quite fully in Clreulnr No. 4 of the station. • • • 

The plan is substantially the same as has, with various modifications of 
detail, come into quite general usage in Germany and other European countries. 
The essential features are: 

First. An agreement made with the station by dealers In fertilizers to sell 
their w^ares by guaranteed analysis, the verification of the analysis being left to 
the station; and 

Second. A provision whereby purchasers may have samples of the articles 
they buy analyzed by the station at small cost or for nothing. 

In order to preclude all chance for mistake or cavil as to the precise terms of 
the arrangement referred to a form of agreement has been slgnetl by the dealers 
who desired to place their wares, as sold In the State, under the supervision of 
the station. 

The form referred to is the result of deliberations of a large meeting of manu- 
facturers, sellers, and consumers of fertilizers held at the station and of con- 
sultation with the advisory committee and with other parties interested. It is 
as follows: 

72539— S. Doc, 676, 60-2 ,voI 3 8 
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Blank B. 

hereby agree with the Connecticut Agricultural Experiment Station, as 

represented by its directors, that all fertilizers offered for sale in the State of 

Connecticut by or by authorized agents, at any price above $15 

per ton, except crude fish scrap, shall be placed under its supervision in the 
following manner: 

1. hereby agree that all fertilizers above described shall be guar- 
anteed to contain certain minimum percentages of one or more of the following 
ingredients : 

Nitrogen. 

Phosphoric acid; soluble. 
Phosphoric acid ; reverted. 
Phosphoric acid; Insoluble. 
Potash. 

Sulphuric acid ; chlorine. 
2. also agree that the above guarantee shall be always subject to veri- 
fication by analyses made at the stations. 

3. also agree that all fertilizers above described shall be at all times 

open to the inspection of the station, as represented by its director, chemists, or 
any member of its advisory committee. • • ♦ 

The signer of this agreement is not expected to specify in this blank the com- 
position of the wares he sells, but he does bind himself to fulfill the require- 
ments of the state law, by accompanying every package of fertilizer sold with 
a plain statement of the analysis, using the above terms, and to guarantee the 
article to be equal to the analysis. 

In brief, this statement binds the signer simply to ^tate what he sells and 
guarantees what he states, the verification of the statement being left to the 
official analysis of the station. With the fulfillment of this guarantee the re- 
sponsibility of the seller will naturally end. The station provides that buyers 
who wish to determine whether the articles they purchase are equal to the 
guarantee, may have control analyses made at little or no expense. It is 
believed that no simpler nor more efficient way can l>e devised to place the 
trade In fertilizers on a more secure basis, insure confidence, and benefit all 
concerned. (First Annual Report, Conn. Agr. Expt. Sta., 1876, pp. 14-16.) 

The question as to which Is the most serviceable and best fertilizer is like 
the question. Which Is the best and most serviceable medicine? — Impossible to 
answer. All depends on the patient, on what ails him, and on how he is being 
treated otherwise. 

The experiment station might be compared to a sanitary engineer, but not to 
a practicing physician. We are unable to prescribe for land. The only way 
is for the practical farmer to make trials on his land with fertilizers or ferti- 
lizing chemicals which he knows are of good quantity (quality?) and study 
the efl'ects. • • • 

There Is a choice also In respect to action on the crop. This will depend 
somewhat on the character of your, soil and can only be learned by experience. 
One fertilizer will appear to be best one year or on some crops and land, and 
another season, owing to the different weather, wet or drought, or on other 
land or plants another kind of fertilizer will give the best results. I should 
try a fertilizer that would give me a good percentage of nitrogen, soluble phos- 
phoric acid and potash, for the least money. 

We can give no formula for an onion manure. The food which the onion 
requires Is the same that all other crops require. If it requires any special 
proportions of fertilizing ingredients, neither we nor anyone else can positively 
say what that Is. Probably a fertilizer having about the composition of the 
** special " onion, potato, tobacco, or com manures would be as profitable a fer- 
tilizer as you could apply to the onion. • ♦ • 

It Is a fact of common farm experience that nitrogenous manures differ 
widely in their efficiency. Nitrate of soda, for example, often has a visible 
effect on grass land within ten days after sowing ; dried blood requires a longer 
Ume to affect the color or growth of grass, while an application of leather or 
hair piay never show the slightest effect. • ♦ ♦ 

A considerable number of manufacturing wastes, rich in nitrogen, but differ- 
ing greatly in their values as plant foods, are now on the market, and their 
use is urged upon manufacturers of mixed fertilizers. In general, such of these 
waste products as are agriculturally of least value are also least expensive, 
and therefore the temptation to use them in manufactured gopds is to some 
very strong. Digitized byl^OOglC 
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It l8 highly desirable to know in the first place how these nitrogenous wastes 
compare with each other, and with some standard, such as nitrate of soda Ib 
ayailability and Tarious experiments have already accomplished scmiething In 
this direction. In the next place it is important, either to be able to identify 
these various ** ammonia tes " and mixed fertilizers or else to have some means 
of distinguishing in such fertilizers between available and inert nitrogen; 
some measure of its availability. Unfortunately it has hitherto been difficult 
or impossible to identify with certainty most of the inferior ammonia tes, either 
by inspection or by ordinary chemical tests. The treatment with acid during 
the process of manufacture, the grinding, and the mixture with phosphatic 
material and potash salts so alters the structure and appearance that in many 
cases the microscope fails to identify anything and chemical tests are not gen- 
erally applicable. (Annual Report Conn. Agr. Expt. Sta., 1885, pp. 110-115.) 

We have reason to believe from extended observations and experience in 
the field that hundreds of thousands of dollars are annually wasted by farmers 
in the lavish and injudicious application of fertilizers on cotton. The author 
shows that the different forms of phosphates and the different materials used 
to supply nitrates vary greatly in their efficiency. (Fertilizers for Cotton, J. M. 
McBryde, Farmers' Bulletin 14, 1894, p. 7.) 

" The most satisfactory, and, indeed, usually the only method," says Armsby, 
** by which we can at present determine the needs of a soil is to ask the question 
of the soil itself by growing a crop upon it with different kinds of fertilizers 
and noting the result Such soil tests with fertilizers have in many cases given 
results of which immediate practical value for the locality in which they were 
undertaken." 

Many materials containing the essential elements are practically wortlUess 
as sources of plant food because the form it not right. • * • All mate- 
rials containing organic nitrogen are valuable in proportion to their rapidity 
of decay or change. • • • Thus organic nitrogen differs in availability 
not only according to the kind of material which supplied it, but upon the 
treatment it receives. • • • The phosphoric acid in natural or untreated 
phosphates is insoluble In water and not readily available to plants; that is, 
the rate of availability dei)ends largely upon the rapidity with which the sub- 
stance rots or decays, and the rate of decay again depends upon the character 
of the substance with which the phosphate is associated. • • • Potash may 
exist in a number of forms, though chiefly as cblorids, or muriates, in which 
case the potash is combined with chlorin; and as sulphates, in which the 
potash is combined with sulphuric acid. With potash, however, the form does 
not exert so great an influence upon availlbllity as is the case with nitrogen 
and phosphoric acid. All forms are freely soluble in water, and are believed 
to be nearly if not quite equally available as food. The form of potash has, 
however, an important influence upon the quality of certain crops, due rather 
to the constituents with which the potash is associated than to the potash itself. 
• • • The character or form of the material used must therefore be care- 
fully considered in the use of manure. * • • All manufacturered products 
or brands of fertilizers are made up of a mixture of the various kinds and 
forms of fertilizing materials Just described, and the differences that exist 
in the brands of different manufacturers are due both to differences in the 
character and to the variations in proportions of the materials used to form 
the different brands; that is, while all manufacturers must go to the sources 
of supply indicated, they may select either good or poor products and may 
vary the proportions of the different materials used. 

The difference between a good brand of fertilizer and a poor one lies not 
so much in differences that may exist in the total amount of plant food con- 
tained in it as in the quality of the materials of which it is made. (Commercial 
Fertilizers, Farmers' Bulletin 44, Edward B. Voorhees, 1896.) 

The following extracts are from Fertilizers, by Edward B. Voorhees, orig- 
inally published in 1898, with a fourth edition in 1902: 

Preface : There is no question as to the desirability of the use of commercial 
fertilizers on most farms, though the methods now generally practiced are 
such as to indicate the very great need of a better understanding of what 
the functions of a fertilizer are, of the terms used to express their composition 
and value, of the kind that shall be used, and the time and method of appli- 
cation for the different crops under the varying conditions that exist. • • • 

The author appreciates keenly his limitations, owing to the lack of definite 
knowledge on many vital points; yet it seems that at this time^^when th^ 
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investigations of the experiment stations are b^rinning to be regarded as im* 
portant educational factors, and when these institutions are more than ever 
prepared to «tudy the fundamental principles which underlie the various pro- 
cesses involved In plant nutrition, the practical man should have a clear under- 
standing of what is now linown, in order that he may be prepared to accept 
and use that better knowledge which will undoubtedly be provided for him 
in the near future. 

Page 49: It will be observed from the foregoing brief description of the 
chief sources of organic forms of nitrogen that a very wide variation occurs 
tooth in the composition or content of nitrogen In these products and in the 
availability of their nitrogen, or rapidity with which, under similar conditions, 
it is given up to plants. The fact that a substance contains nitrogen in con- 
siderable amounts and in an organic form, then, is not a sufficient guide as 
to its usefulness. 

Pages 54-57: The practical point, and the one of prime importance to the 
farmer, is, then, to know how to estimate the relative value or usefulness of 
these different products, what is the rate of availlbllity as compared with 
nitrate, and thus the relative advantage of purchasing the one or the other 
at the ruling market prices. Relative values, however, can not be assigned as 
yet, though careful studies of the problem have been made, chiefly by what 
are known as ** vegetation tests," that is, tests which show the actual amounts 
of nitrogen that plants can obtain from nitrogenous products of different kinds 
when they are grown under Imown and controlled conditions. The results 
so far obtained, while only serving as a guide, indicate that when nitrate is 
rated at 100 per cent, blood and cotton-seed meal are about 70 per cent, dried 
and ground fish and hoof meal 65 per cent, bone and tankage 60 per cent, and 
leather, ground horn, and wool waste range from as low as 2 per cent to as 
hiph as 30 per cent These figures furnish a fair basis for comparing the 
dlfierent materials when used for the same purpose or under the same con- 
ditions. If, for example, the increased yield of oats due to the application 
of nitrate of soda is 1,000 pounds, the yield from blood and cotton-seed meal 
would be 700 iK)unds, the yield from dried ground fish and hoof meal would 
be 650 pounds, from bone and tankage 600 pounds, and from leather, ground 
horn, and wool waste, from 20 to 300 pounds. 

These figures alone are, however, not a sulliclent guide as to the kinds to 
buy under all conditions, since the usefulness of the different forms are 
again dependent upon such other conditions as the kind of crop, the season, 
and the object of the application. ♦ ♦ • In the making up of fertilizers, 
all of these considerations should be carefully balanced, and it is the practice 
on the part of many manufacturers to use a part of each of the three forms, 
so that a continuous feeding of the plant may be Insured. Therefore, while 
the fact remains that fertilizers containing only tbe one form may not be 
the poorest, the chances are that those which contain all forms are likely 
to give more satisfactory results. 

Pages 92-94: It [potash] Is, however, a very necessary constituent of fertili- 
zers, being absolutely essential for those Intended for light, sandy soils and for 
peaty meadow lands, as well as for certain potash-consnnilng crops, as iwtattes, 
tobacco, and roots, since these soils are very deficient in this element, and the 
plants mentioned require It In larger proportions than do others. • • ♦ 

Potash, as has already been stated in the discussion of phosphoric acid and 
nitrogen, exists In various forms, but It differs from the other elements In that 
Its chemical form or combination seems to exert but relatively little Influence 
upon the availability of the constituent. For example. It may be in a form of 
muriate or chlorld, of a sulphate or of a carbonate, and while there is a 
difference in the diffuslbllity of these different compounds — that Is, a difference 
In the rate at which they will distribute In the soli before becoming fixed — 
there seems to be very little difference in the rate of the absorption of the 
potash by the plant. Nevertheless, the form of potash must be observed, 
because of the possible infiuence that the substances with which it combines 
niny exert in reducing the marketable qi^allty of the crop to which it Is applied. 
This Influence has been very distinctly observed, particularly in the growing 
of tobacco, sugar beets, and potatoes, and it has been shown that the potash 
in the form of a chlorld (or muriate) does exert a very deleterious effect, 
especially on tobacco. 

Pages 129-130: In the purchase of mixtures consumers should demand that 
they be accompanied by a guaranty, because they are unable to determine the 
kind and proportion of the different materials entering Into the mixture, either 
by itB appearance, weight, or smell. In mixing, too, an opportunity Is afforded 
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for disguising poor forms of the constituents, particularly nitrogen; that is, 
in a mixture of nitrogeneous materials, potash salts and superphosphates, it 
would be a difficult matter to determine, by mere physical Insjiection, the pro- 
portion of the nitrogen which had l>een supplied in the form of horn meal and 
of blood, and the statement of the manufacturer on this point would be 
valuable in proportion to his reliability. 

Page 149 : An analysis may show simply the total amount of the constituent. 
This is not a sufficient guide as to the value of the mixture, for while it is not 
possible to indicate absolutely by Bualysis whether the organic nitrogen, for 
example, is derived from blood (which is one of the best forms), or from horn 
meal (one of the poorer forms), it is possible to show whether the nitrogen 
is derived from nitrate of from ammonia ; whether the phosphoric acid is de 
rived from a superphosphate or a phosphate, and whether the potash present 
is in the form of a sulphate or of a muriate. A high-grade or a low-grade fer- 
tilizer, for example, may be distinctly Indicated by the analysis, since it is of 
a high grade if the three forms of nitrogen are present, if the total phosphoric 
acid is chiefly soluble in water, and if the poash has been derived from a 
sulphate or from a muriate. 

Page 152: It is obvious, from what has l)een already pointed out, that the 
value of a fertilizer to the farmer depends not so much upon what is paid for 
it as upon the character of the material used to make it. 

Page 175: A ton of wheat at $1 per bushel, will bring $33.33. Its sale 
removes from the farm 38 pounds of nitrogen. 19 of phosphoric acid, and 13 
of potash. At prevailing prices for these constituents it would cost $6.50 to 
return them to the f^rm. 

Pages 158-161 : It will be observed that the schedule gives the cost per 
pound of the different forms of nitrogen and of high-grade organic nitrogenous 
materials: of nitrogen and phosphoric acid in ground bone and tankage; or 
available phosphoric acid in superphosphates, and of the actual potash in 
potash salts, and is a useful guide also in showing that the nitrogen, phos- 
phoric acid, and potash contained in these materials can be purchased in ton 
lots for the prices mentioned. The valuation of mixed fertilizers, obtained 
by the use of this schedule, are entirely commercial; they are not intended to 
indicate even a possible agricultural value. • • • 

Third. The chemical analysis does not show absolutely the sources of the 
materials, and thus it Is difficult to place a true commercial value upon a mix- 
ture. This is especially true of organic nitrogen, derived from different mate- 
rials, a unlfonn value is placed upon the total nitrogen found, whether it is 
derived from the best forms, as dried blood and dried meat, or whether derived 
from horn meal, ground leather, or other low-grade forms of nitrogenous 
materials. TWs encourages the use of low-grade products by unscrupulous 
manufiicturers to the real detriment of the trade as a whole. ♦ • • 

Fourth. Any system of comparison of brands must leave a great deal to 
the judgment of the purchnser. He must interpret for himself whether he 
would rather tliat his phosphoric acid were derived from one source or another. 

Page 167: The primary object in the use of a commercial fertilizer is to 
receive a profit from the increase in the yield of crops from the land to which 
it is applied; and this may be derived either from the Immediate crop or from 
the larger yield of a number of crops. That the greatest Immediate and pros- 
pective profit may be gained, a wide knowledge of conditions which have either 
a direct or indirect bearing upon the result Is essential. 

In fact, the controlling conditions surrounding the matter are so numerous 
and so various that It is Impossible, with our present knowledge, to lay down 
positive rules for our guidance. At best, only suggestions can be offered. 

Page 172: It must be remembered, then, that only general rules apply In the 
use of fertilizers upon soils of different clnascfl, and that they are modified 
by both the chemical composition and the mechnnlcal condition of the soil. 
The best use of a fertilizer — that Is, the greatest proportionate return of plant 
food in the crop, all things considered— Is obtained from Its application upon 
soils that possess "condition" or that are well cultivated or managed. Full 
returns can not be expected when they are applied upon soils that are too wet 
or too dry, too porous or too compact, or too coarse or too fine. It Is Important 
that even the best soils should be properly prepared, and it is infinitely more 
important tliat those which possess poor mechanical condition should be 
improved in this respect, before large expenditures are made for fertilizers. 

Pages 182-185: The one system of fertilization which has perhaps received 
the most attention, doubtless largely because one of the first presented, and 
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in a very attractive manner, is the system advocated by the celebrated French 
scientist, George Ville. This system, while not to be depended upon absolutely, 
suggests lines of practice, which under proper restrictions may be of very 
great service. In brief, this method assumes that plants may be, so f^r as 
their fertilization is concerned, divided into three distinct groups. One group 
is specifically benefited by nitrogenous fertilization, the second by phosphatic, 
and the third by potassic; that is, in each class or group, one element more 
than any other rules or dominates the growth of that group, and hence each 
particular element should be applied in excess to the class of plants for which 
it is dominant In this system it is asserted that nitrogen is the dominant 
ingredient for wheat, rye, oats, barley, meadow grass, and beet crops. Phos- 
phoric acid is the dominant fertilizer ingredient for turnips, Swedes, Indian, 
com (maize), sorghum and sugar cane; and potash is the dominant or ruling 
element for peas, beans, clover, vetches, flax, and potatoes. It must l>e under- 
stood that this system advocates only single elements, for the others are quite 
as important up to a certain point, l>eyond which they do not exercise a con- 
trolling influence in the manures for the crops for the three classes. This 
special or dominating element is used in greater proportion than the others, 
and if soils are in a high state of cultivation, or have been manured with 
natural products, as stable manure, they may be used singly to force a maximum 
growth of the crop • ♦ ♦. 

Another system which lias l>een urged, notably' by German scientists, is 
based upon the fact that the mineral constituents, phosphoric acid and potash, 
form flxed compounds in the soil, and are, therefore, not likely to be leached 
out, provided the land is continuously cropped. They remain in the soil until 
used by growing plants, while the nitrogen, on the other hand, since it forms 
no fixed compounds and is perfectly soluble when in a form useful to plants, is 
liable to loss from leaching. Furthermore, the mineral elements are relatively 
cheap, while the nitrogen is relatively expensive, and thus that the economical 
use of this expensive element, nitrogen, is dependent to a large degree upon 
the abundance of the mineral elements in the soil. It is therefore advocated 
that for all crops and for all soils that are in a good state of cultivation, a 
reasonable excess of phosphoric acid and potash be applied, sufficient to more 
than satisfy the maximum needs of any crop, and that the nitrogen l>e applied 
in active forms, as nitrate of ammonia, and in such quantities and at such 
times as will insure the minimum loss of the element and the maximum develop- 
ment of the plant 

Page 186: Another system of fertilization is based upon the theory tliat the 
different plants should be provided with the essential elements in the propor- 
tions in which they exist in the plants, as shown by chemical analysis. Differ- 
ent formulas are, therefore, recommended for each crop, the constituents of 
which are so proportionate as. to reach its full needs. Tbis method, if care is 
taken to supply an abundance of all of the necessary constituents, may result 
in a complete though, perhaps, not an economical feeding of the plant, since 
it assumes that a plant which contains a larger amount of one constituent 
than of another requires more of that constituent in the fertilizer than of 
the others. • It does not take into consideration the fact that the plant which 
contains a larger amount of one element than another may possess a greater 
power of acquiring it than one which contains a smaller amount 

Pages 189-190: The most expensive and irrational system of all, and one 
more commonly practiced than any other in general farming, may be termed 
that "hit or miss" system; if a "hit" is made there is a profit, if a "miss" 
the loss is trifling. In this system, no special thought is given to the character 
of the crop or its needs. If the farmer can afford it, he purchases a fertilizer, 
without regard to its composition, and applies it in very small amounts. If it 
happens to contain that element which is particularly needed for the plant 
to which it is applied, a profit Is secured. In too many cases, however, the 
constituents added are already in abundance in the soil, or so little of the fer- 
tilizer is used as to preclude any profit 

Page 193: The lacking element can not be fully determined, except by direct 
experiments by the farmer himself. That is, no general principle can be de- 
pended on as an absolute guide. He should learn whether his soil is deficient 
in any of the elements, and, if so, which one should be applied to the different 
crops in his rotation. A careful study along this line, too, will show whether 
it is fertilization that is required to meet seeming deficiencies, for it frequently 
happens that the needs of the soil are not so much for added plant food as 
for better management of the soil in other respects. 
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Pages 197-198: The results of experiment which have been condncted with 
great care in a number of States show that where "extensive" methods are 
practiced certain elements need not be added in the fertilizers; that is, that 
tlie soil contains such an abundance of them that the plant is able to obtain 
a full supply, at least, for a long time. For example, It has been shown that 
' on the chidr sugar-producing soils of Louisiana and Mississippi, and on the 
cotton soils of Georgia and Texas, the addition of potash has been of less 
hnportance hi the past than the other elements, and it frequently does not need 
to be Included in the fertilizer, while phosphoric acid is always needed. 

The results of field experiments on this plan In New Jersey, on reasonably 
good, loamy soils, indicate that phosphoric acid and potash are of much more 
importance in fertilizers for com than nitrogen; whereas upon sandy soils 
nitrogen and potash are of relatively more importance than phosphoric acid; 
that Is, even where " extensive " practice is used there are conditions where one 
or more of the elements are not required in order to secure maximum crops, 
which eliminates the necessity of an immediate outlay for those constituents 
that are not lacking. Where experiments of this sort have been carried out and 
the specific needs determined, it becomes necessary to assume that all of the 
constituents are required, and to apply the amounts and proportions of those 
which the general considerations of the soil, season, climate, and crop would 
seem to demand. 

As already pointed out, the methods of fertilization here suggested, though in 
many insfances apparently positive, are not to be interpreted as absolute rules, 
but rather to be used as guides, based upon the best information that it has 
been possible to obtain, both as a result of scientific inquiry and of practical 
experience. 

Pages 211-212: The main point in this whole matter of fertilization is to 
understand that a fertilizer is a fertilizer because of the kind and form of 
plant food contained in it; and that its best action, other things being equal, is 
accomplished when the soil possesses good physical qualities, when the manage- 
ment is also good, and when systematic methods are planned and adopted. 
"Hit or miss" fertilization, even for these crops, may pay, and doubtless on 
the average does pay, as well as some other things that farmers do, but does not 
pay as well as it might if better methods were used. 
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In this review or analysis of the figures showing the composition of the 
brands of fertilizers sold in the several States, the quaranteed mininuim com- 
liositions only are used, as these are usually expressed in whole numbers or 
even percentages, and as they in most cases agree very well with the amounts 
found by analyses. The figures for nitrogen occurring in some of the rermrts 
have been calculated to ammonia (NH.) for purposes of comparison, and In a 
few cases small fractions of a percentage have been neglected and the result 
stated in the nearest whole number. None of the remarks or obsi»rvatlons made 
in connection with the figures have been quoted from the ofilcial publications. 

CONNECTICUT.* 

During 1907 thirty-six individuals or firms have entered for sale in this 
State 279 brands of fertilizers, viz: 

Special manures for particular crops 120 

Other nitrogenous superphosphates 08 

Bone manures and "bone and potash" 2.3 

Fish, tankage, castor pomace, and chemicals 32 

Total 279 

Classification of the fertilizers (analyzed, 

'L Containing nitrogen as the chief active ingredient: 
Nitrate of soda. 
Sulphate of ammonia. 
Dried blood. 
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1. Containing nitrogen as the chief active ingredient — Continued. 

Cotton-seed meal. 
Castor pomace. 
Linseed meal. 

2. Containing phosphoric acid as the chief active ingredient: 

Dissolved phosphate roclc. 
Basic slag. 
Precipitated bone. 

3. Containing potash as the chief active Ingredient: 

Carbonate of potash. 

High-grade sulphate of potash. 

Double sulphate of potash and magnesia. 

Muriate of potash. 

Kainit 

4. Containing nitrogen and phosphoric acid: 

Bone manures. 
Slaughterhouse tankage. 
Dry ground fish. 

5. Mixed fertilizers: 

Nitrogenous superphosphates. 
Special manures. 
Home mixtures. 
G. Miscellaneous fertilizers and manures: 
" Vegetable potash." 
Cotton hull ashes. 
Wood ashes. 

Lime and limekiln ashes. 
Others, miscellaneous. 

Commercial valuations alloircd hy the station. 

Cents per 
puund. 

Nitrogen in nitrates 18^ 

ammonia salts 17J 

Organic nitrogen in dry and flue ground flsh, moat, and bloinl, and in 

mixed fertilizers 20^ 

fine bone and tankage 20J 

coarse bone and tankage 15 

Phosphoric acid, water soluble 5 

citrate soluble 4i 

of tine ground bone and tankage 4 

of coarse bone and tankage H 

of cotton-seed meal, castor pomace, and ashes 4 

of mixed fertilizers, if insoluble in ammonium citrate— 2 

Potash as high-grade sulphate in forms free from muriate (or chlorids). 5 

as muriate 4i 

Composition of nitrogenous superphosphates summarized. 



Phosphoric acid. 


Ammonia. 


Potash. 


Number 

of 
brands. 


PfO,. 


Number 

of 
brands. 


NH.. 


Number 

of 
brands. 


K,0. 


2 
17 
34 
14 
20 
6 
7 


Percent 
10 


2 
2 
1 
9 
2 

17 
2 

34 
8 
6 
2 

15 


Percent. 
8 
7 
6 
5 

4.5 
4 

3.5 
3 

2.5 
2 

1.5 
1 



1 
4 

13 

13 
4 
2 

16 
I 
2 
6 
1 

24 
2 
2 


Percent. 
10 
8.8 
8 
7 
6 
5 

4.5 
4 

3.8 
3.5 
3 

2.5 
2 

1.5 
1 
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Number 


Phos- 






Number 


Phos- 


Ammo- 
nia. 




of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


add. 






brands. 


acid. 






Percent. 


Percent. 


Percent. 




Percent. 


Percent. 


Percent. 




10 


3 


2.5 




7 


5 


6 




10 


2.5 


3.5 




7 


5 


5 




9 




6 




7.5 


4.5 


10 




9 


3.5 


4.6 




7.5 


4.6 


&8 




9 




8 




7 


4 


7 




9 




4 




7 


1 


2 




9 




2 




7 


I 


I 




9 


2.5 


2 




6.5 


8 


2 




9 


L5 


2 




6 


7 


6 




9 




2 




6 


6 


fl 




8 




7 




6 


4 


10 




8 




7 




6 


4 


7 




8 




6 




6 


4 


6 




8 




6 




6 


3 


10 




8 




4 




6 


3 


8 




8 


2.5 


3 




6 


3 


7 




8 


2.5 


1.5 


2 




3 


2 




8 




3 






2.5 


2 




8 




2 


1 




1.6 


3 




8 




5 






4 


4 




8 




4 






3 


3 




8 




3.5 






3 


10 




8 




2 






2 


4 




8 




L5 






1 


2 




8 




1 






5 


6 




7 




10 






4 


3.8 




7 




10 






3 


4 




7 




8 






2.6 


6 




7 




7 






2 


4 





Composition o 


/ special brands for tobacco. 




Number 


Phos- 






Number 


Phos- 


Ammo- 
nia. 




of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


acid. 






brands. 


acid. 


Percent. 




Percent. 


Percent. 


Percent. 




Percent. 


Percent. 


1 


9 


3 


2 


1 


6 


5 


1 


1 


8 


4 


5 


2 


6 


4 


6 


2 


8 


4 


4 






3 


10 


1 


8 


3 


3 






7 


10 


, 1 


8 


2.6 


6 






5.6 


5 


! 2 


8 


2.6 


3 






3.5 


7 


1 


8 


2 


4 






7 


10 


1 


7 


6 


10 






6 


6 


2 


7 


5 


6 






5 


5 


1 


7 


4 


8 






4.5 


3 


2 


6 


7.25 


9 






5.5 


6 


2 





6 


11 




3 


5 


6 





Composition of special brands for potatoes. 




Number 


Phos- 






Number 


Phos- 


Ammo- 
nia. 


1 


of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


add. 






brands. 


acid. 






Percent. 


Percent. 


Percent. 




PereerU. 


Percent. 


Percent. 




9 


2 


6 


1 


7 


4 


7 




9 


2 


2 


1 


7 


4 


6 




8 


4.5 


6 


1 


7 


2 


6 




8 


4 


7 


2 


7 


2 


4 




8 


3.25 


7 


1 


7 


1.5 


2 




8 


3 


7 


1 


7 


1 


3 




8 


3 


6 


3 


6 


4 


10 




8 


3 


6 


2 


6 


4 


6 




8 


3 


4 


4 


6 


3 


6 




8 


2.5 


6 


1 


6 


2.5 


4 




8 


2.6 


3 


1 


6 


2 


4 




8 


2 


10 


1 


6 


2 


10 




8 


2 


4 


1 


6 


2 


6 




8 


2 


3 


1 


4 


4 


8 




7 


6 


6 


1 


4 


1 


8 




7 


4.6 


8 
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Composition of special brands for com^ grain; and grass. 



Number 


Phofi- 






Number 


Phos- 


Am- 
monia. 




of 


phorio 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


add. 






brands. 


add. 






Percent. 


Percent. 


Percent. 




Percent. 


Percent. 


PereenL 


1 


10 




7 






2 


2 


2 






2 






L6 


2 








5 






6 


6 








8 






4.75 


2 








6 






4.26 


7 








4 






4 


6 






2.6 


1 






2.6 


12 








6 






2 


3 








3 






6 


2 








2 






6 


6 






7.6 


7 






6 


2 








7 






3.5 


6 













3.0 


ia26 


8 



MASSACHUSETTS. 

The following explanatory statement is taken from the official bulletin, giving 
the results of the fertilizer inspection for the season of 1907 :« 

The organic nitrogen in the mixed goods is valued as coming from the best 
grade of raw materials and is counted at 2(H cents per pound. This method of 
valuing the organic nitrogen in mixed fertilizers will, of course, give a too high 
value on those goods in which the organic nitrogen has been derived from low- 
grade materials which possess slowly available nitrogen. This seems to be the 
only course, however, at present, as the ordinary methods of analysis will not 
discriminate between the available and inert forms of organic nitrogen. 

Soluble phosphoric acid is valued at 5 cents per pound, citrate soluble or re- 
verted acid at 4) cents, and the phosphoric acid which is insoluble in ammonium 
citrate (usually termed insoluble phosphoric acid) at 2 cents per pound. 
Potash is valued according to the form in which it is found present in the 
fertilizer. Whenever a potash test Is reported in the tables without comment 
or footnote, it will be understood that sufficient chlorine was present to unite 
with all of the potash. Eivery brand of complete fertilizer is tested for chlorides, 
and if sufficient chlorine is found to unite with all of the potash, it is taken for 
granted that the potash exists in the form of muriate and is counted as worth 
4i cents per pound. The presence of chlorine does not necessarily prove that 
it is in combination with the potash, but its presence in a fertilizer supposed 
and advertised to be free from chlorides or where the potash is said to be present 
as sulphate or carbonate is just as objectionnble as though it was actually in 
combination with the potash. Whenever the potash is guaranteed to be 
present as sulphate and the analysis shows the presence of chlorine, a footnote 
has been used to indicate how much is present in each form. Wherever only 
very small quantities of chlorides are present the potash has been reported as 
sulphate. Potash in form of sulphate has been valued at 5 cents per pound. 

Whenever the potash is guaranteed as carbonate a test has been made for 
chlorides and sulphates, and a footnote indicates how much potash is present in 
each form. Potash in form of carbonate has been valued at 8 cents per pound. 

Whenever it was known that potash had been derived wholly or in part from 
organic sources, in mixed fertilizers, a total potash test has been made and will 
be found reported in a footnote. No attempt has been made to place a valua- 
tion on that portion of the potash which is insoluble in water. It no doubt 
has a commercial value, but as we have no basis for establishing its worth, the 
results have simply been reported without comment. It should not be under- 
stood that all of the potash in vegetable organic compounds is insoluble in 
water. As a matter of fact about 80 per cent of the potash in cotton-seed meal 
is recovered in a water-soluble potash test. • • • 

The agricultural value of a fertilizer represents its crop-producing power, 
which is far from constant on all soils. 

The beneficial effect of any fertilizer on a particular soil depends on whether 
the fertilizer in question contains those elements of plant food in suitable 

^ Inspection of Conmiercial Fertilizers, Mass. Agr. Expt Sta., Bui. No. 119, 
December, 1907. 
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quantity and quality in which the soil is deflcient In other words, the supply 
of plant food In soils varies wfdely, and every user of commercial fertilizers 
must select his fertilizer according to the conditions of his soil and the require- 
ments of the crop which he wishes to raise. We are oft^i aslced which is the 
best mixed fertilizer to use. The consumer can better answer this question for 
himself by a study of his soil conditions and crop requirements. A general 
statement may be made, however, to the effect that, all conditions being equal, 
the consumer should sel^wt those fertilizers which give the greatest amount of 
plant food in suitable and available forms for the least money. A study of the 
tables of analyses should furnish reliable data in making fertilizer selections. 
The tables show the quality and quantity of the various essential elements of 
plant food with the possible exception of organic nitrogai. Prescribed methods 
of analysis do not include a wholly reliable means of determining the availa- 
bility of organic nitrogen, and in all valuations, in case of the mixed goods, it is 
assumed that the organic nitrogen is present in the best forma 

The high-grade fertilizers will, as a general rule, be the most economical 
ones to buy, and the low-grade fertilizers will, ordinarily, be the most expensive 
ones. In the manufacture of the best goods only high-grade raw materials and 
chemicals can be used, as the formula has to be made up o^ compounds whose 
united composition will furnish the desired quantity and quality of plant food 
and whose combined weight must not exceed 2,000 pounds. On the other hand, 
in the manufacture of very low-grade fertilizers the necessary compounds to 
supply the percentage of nitrogen, phosphoric acid, and potash which is guar- 
anteed might be supplied in 1^200 to 1,500 pounds of material of good quality, 
and the remainder, to make up the ton weight, will be a filler of some sort 
which oftentimes has no fertilizing value whatever. Besides this, the consumer 
is obliged to pay freight and cartage on low- valued and worthless material. 
Many low-grade goods contain a high percentage of phosphoric acid. It should 
be borne in mind that phosphoric acid is the cheapest of the essential elements 
of plant food and that some of the low-grade mixed goods contain an excess of 
this material. Cheap or low-grade fertilizers are sometimes made up of crude 
stock liaving a comparatively low commercial and agricultural value. 

There were 317 brands of fertilizers entered for sale in the State. Of these, 
there were 249 brands of complete fertilizers, with manufacturers* guarantees of 
the percentage of phosphoric acid, ammonia (nitrogen), and potash, 155 of them 
being special brands for special crops. An analysis of these figures for the 
nitrog^ious superphosphates is given herewith. 

Composition of nitrogenous superphosphates summarized. 
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brands. 






PereenL 




Percent, 




Percent. 


1 


11 


1 


18 


2 


12 


3 


10 


1 


ia25 


1 


11 


22 





1 


8 


30 


10 


2 


&5 


1 


7.75 


1 


9.5 


105 


8 


1 


7 


1 


a 75 


40 


7 


1 


6u5 


1 


&5 


2 


0.6 








9 


8 


40 


6 


2 


&75 


2 


7.5 


15 


6 


6 


&5 


29 


7 


1 


4.5 


10 


5 


2 


6.5 


13 


4 


3 


4.75 


26 


6 


1 


3.5 


7 


4.5 


2 


6.6 


2 


3 


7 


4.25 


22 


5 


1 


2.9 


45 


4 


2 


4.75 


1 


.75 


9 


3.5 


3 


4.6 






2 
43 
30 

1 
32 
1 

7 
14 


3.25 
3 

2.5 
2.25 
. 2 
1.75 
L5 
L26 
1 


24 
24 
46 


4 

3.75 
3.6 
3 

2.5 
2.25 
2 

1.5 
1 
.25 
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Composition of nitrogeneous superphosphates. 



Number 
of brands. 


Phos- 
phorlc 
acid. 


Ammonia. 


Potash. 


Number 
of brands. 


Phos- 
phoric 
acid. 


Ammo- 
nia. 


Potash. 




Percent. 


Percent. 


Percent. 




Percent. 


Percent. 


1 
Percent. 


1 


11 


3 


10 


3 


8 


2.5 


6 


2 




4 


7 




8 


2.5 


6 






3 


2.5 


11 


8 


2.5 


3 






4.25 


2 




8 


2.6 


1.5 






3.5 


4.75 




8 


2 


10 






3.5 


4.5 




8 


2 


6 






3 


2.5 




8 


2 


4 






3 


2 




8 


2 


3 






2.5 


2.25 




8 


2 


2 






2.5 


5 




8 


1.75 


2 






2.5 


3 




8 


1.6 


10 






2.25 


2.25 




8 


1.5 


2 






2 


2 




8 


1.25 


10 






2 


4 




8 


1.25 


3.6 


1 


•9 


1.5 


2 




8 


1.25 


2 




8.5 


1.5 


2.5 




8 


1 


5 




8.5 


1 


1.5 




8 


1 


4 




8 


6.5 


4 




8 


1 


3 




8 


6 


8 




8 


1 


2 




8 


5.5 


8 






8 


7.5 




8 


5.5 


5 






7 


8 




8 


5 


10 






6 


10 




8 


5 


7 






6 


5 1 




8 


4.5 


6 






5.5 


12 




8 


4.25 


7 






5 


7 




8 


4.25 


5 




7 


5 


6 


13 


8 


4 


7 






5 


6 




8 


4 


6 




7 


4.5 


10 




8 


4 


5 






4.5 


8.5 




8 


4 


4 




y 


4.25 


10 




8 


4 


3 






4.25 


a 76 




8 


3.5 


6.5 




7 


4 


10 




8 


3.5 


6 






4 


9.5 




8 


3.5 


4 






4 


7 




8 


3.5 


10 






4 


6 




8 


3.5 


8 






3 


8 




8 


3 25 


7 






3 


5 




8 


3 


6 






3 


4 




8 


3 


4 


2 




2 


6 




8 


3 


5 


2 




2 


4 




8 


3 - 


3 


2 




2 


2 




7 


1.5 


2 




5 


6 


2.6 




7 


1.25 


2 




5 


5.76 


7 




7 


1 


1 




5 


5.76 


2.5 




6.5 


4.75 


1.5 






5 


5 




6.5 


2.5 


12 






4.75 


2 




6 


6 


11 






4 


7 




6 


6 


6 






3.6 


5 




6 


5 


6 






3 


3 




6 


5 


5 






3 


2 




6 


5 


4 






2 


10 




6 


5 


1 






2 


2 




6 


4.5 


7.5 






1 


10 




6 


4.5 


7 




4.5 


2 


2 




6 


4 


10 






10.25 


8 




6 


4 


6 






7 


10 




6 


3.25 


10 






6 


6 




6 


3 


10 






6 


2 




6 


3 


8 






4.75 


6 




6 


3 


5 






4 


8 




6 


3 


4 






4 


7 






2.5 


4.5 






4 


6 






2.5 


2 






4 


3.76 






2 


4 






3 


4 






2 


3 






2.5 


2 






2 


2 






1 


8 






1 


2 




3.5 


4 


3 






18 


3 




3 


6.6 


6.6 






6 


ft 




2.9 
.75 


7.76 
6.6 


0.6 
.25 
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Number 

of 
brands. 


Phoa- 
phoric 
acid. 


1 1 
^^^ Potash. ^ 


1 
Number Phos- t^^^ 
of phoric ^^^ 
brands. acid. ""*• 


Potash. 




Percent. 
9 
9 

8 
8 
8 
8 
8 
8 
8 
8 


Percent. 
2 
3 
2 

2.5 
2.5 
5 
4 
4 
4 
3 


Percent. 
4 
2.5 

4 1 
3 
6 

10 1 
7.4 
54 
5 
3 




Percent. 
3 


Percent. 
6 
5.5 

4.25 

5 
f.6 


Percent. 
10 
12 

6 

8.75 
11 

1 

7 
10 

5 

5.6 



Composition of special brands for potatoes. 



Number 
of 


Ph09. 

phoric 


Ammo- 
nia. 


Potash. 


Number 
of 


Pho». 
phoric 


Ammo- 
nia. 


Potash. 


brands. 


acid. 


Percent. 


brands. 


acid. 






Percent. 


Percent. 




Percent. 


Percent. 


Percent. 




9 


H.5 


4.75 


1 


7 


6 


5 




9 


2.5 


5 


1 


7 


4.5 


8.5 




9 


2 


2 


1 


7 


4 


7 




8.5 


1.5 


2.5 1 


2 


7 


3 


6 




8 


4.5 


6 


1 


7 


7 


8 




8 


4 


7 1 


1 


7 


3 


4 




8 


3.5 


10 1 


2 


7 


2 


6 




8 


3.5 


6.5 1 


2 


7 


2 


4 




8 


3 


6 1 


3 


6 


4 


10 




8 


3 


6 


1 


6 


4 


6 




8 


2.75 


5 


1 


6 


3 


10 




8 


2.5 


6 


2 


6 


3 


5 




8 


2.5 


5 


1 


6 


2.5 


4.5 




8 


2.5 


3 


1 


6 


2 


4 




8 


2 


10 


1 


4 


4 


8 




8 


2 


3 


1 


4 


1 


8 




8 


L5 


10 











Composition of special brands for market-garden crops. 



Number 

of 
brands. 



Phos- 
phoric 
acid. 



Per cerit. 
9 
8 
8 
S 
8 
8 
8 
8 
8 
8 
8 
7 
7 



Ammo- 
nia. 



Percent. 
4.25 
5.5 
4 
5 
4 

3.5 
3.25 
3 
2 
2 
1 

5 . 
5 



Potash. 



Number 

of 
brands. 



Per 



cent. 
2 
S 
7 
6 
4 
6 
7 
6 
5 
2 
10 
6 
5 



Phos- 
phoric 
acid. 



Ammo- 
Ilia. 



Potash. 



Per cent. Per cent. Per cent. 



6.5 

6 

6 

6 

6 

5 

5 

5 

4 

4 

4 

2.9 



1 25 

5 

6 

5 

4.5 

3 

6 

H.5 

2 

4 

4 

2.5 

8 



10 

4 5 

6 

6 

7 
10 

5 

5 
10 

7 

5 

2 

6.5 



Digitized by 



Google 



126 BEPOET OF NATIONAL CONSERVATION COMMISSION. 

Composition of special brands for oom, grain, and grass. 



Number 
of 


Pb<». 
phoric 


Anmio- 
nia. 


Potash. 


Number 
of 


Phoe- 
phorio 


Ammo- 
nia. 


Potash. 


brands. 


add. 




brands. 


add. 






PereenL 


PereenL 


Pereaa. 




Ptreent. 


PereenL 


Percent, 




10 


4 










10 




9 


3 










2 







2.5 








1.5 


2 




8 


6 










1 




8 


5.5 






5.6 


2.5 


12 




8 


4 










5 




8 


3.25 








4.5 


7 




8 


8 










10 




8 


3 










8 




8 


2.5 


1.5 








3 




8 


2 








5.5 


7 




8 


2 










2.5 




8 


1.5 










5 




7 


8 


7.5 








2 




7 


7 










2 




7 


5 








6 







7 


5 






3.9 


10.25 


8 



MAINE.* 

The following explanatory statement is taken from pages 85-89 of the official 
bulletin, giving the results of the fertilizer inspection by the Maine station for 
1908: 

The law regulating the sale of commercial fertilizers in this State calls for 
two bulletins each year. The first of these contains the analyses of the samples 
received from the manufacturer, guaranteed to represent, within reasonable 
limits, the goods to be placed upon the market later. The second bulletin con- 
tains the analyses of the samples collected in the open market by a representa- 
tive of the station. 

In the tables which follow the discussion there are given the results of the 
analyses of the manufacturers* samples of licensed brands. The tables include 
all the brands which have been licensed to February 10, 1908. Dealers are cau- 
tioned against handling brands not given in this list without first writing the 
station. • • • 

To produce profitable crops and at the same time to maintain and ev^i to 
increase the productive capacity of the soil may rightly be termed "good 
farming." Many farmers are able to do this, and the knowledge of how to do it 
has been largely acquired through years of experience, during which the char- 
acter of the soiU its adaptibility for crops, and the methods of its management 
and manuring have been made the subjects of careful study, without, however, 
any definite and accurate knowledge concerning manures and their functions in 
relation to soils and crops. • ♦ • 

Soils vary greatly in their capabilities of supplying food to crops. Different 
ingredients are deficient in different soils. The way to learn what materials are 
proper in a given case is by observation and experiment. The rational method 
for determining what ingredients of plant food a soil fails to furnish in abun- 
dance, and how these lacking materials can be most economically supplied, is to 
put the question to the soil with different fertilizing materials and get the reply 
In the crops produced. • • • 

It is good farming to make the most of the natural resources of the soil and 
of the manures produced on the farm, and to depend upon artificial fertilizers 
only to furnish what more is needed. It is not good economy to pay high prices 
for material which the soil may itself yield, but it is good economy to supply 
the lacking ones in the cheapest way. The rule in the purchase of costly com- 
mercial fertilizers should be to select those that supply, in the best forms and at 
the lowest cost, the plant food which the crop needs and the soil fails to furnish. 

Plants differ widely with respect to their capacities for gathering their food 
from soil and air ; hence the proper fertilizer in a given case depends upon the 
crop as well as upon the soil. The fertility of the soil would remain practically 
unchanged if all the ingredients removed in the various farm products were 
restored to the land. • • • 



• Maine Agr. Expt Sta., Bulletin 153. March, 
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The term " form ** as applied to a fertilizing constituent has reference to Its 
combination or association with other constituents which may be useful, though 
not necessarily so. The form of the constitutent, too, has an important bearing 
upon its availability, and hence upon its usefulness as plant food. Many 
materials containing the essential elements are practically worthless as sources 
of plant food because the form Is not right; the plants are unable to extract 
them from their combinations; they are "unavailable." In many of these ma- 
terials the form may be changed by proper treatment, in which case they become 
valuable not because the element itself is changed, but because it then exists 
in such form as readily to feed the plant • • * 

The agricultural value of any fertilizing constituent is measured by the 
value of the increase of the crop produced by its use, and is, of course, a 
variable factor, depending upon the availability of the constituent, and the value 
of the crop produced. The form of the materials used must be carefully con- 
sidered in the use of manures. Slow-acting materials can not be expected to 
give profitable returns upon quick-growing crops, nor expensive materials 
profitable returns when used for crops of relatively low value. 

The agricultural value is distinct from what is termed " commercial value," 
or cost in market. This last is determined by market and trade conditions, as 
cost of production of the crude materials, methods of manipulation required, 
etc. Since there is no strict relation between agricultural and commercial or 
market value, it may happen that an element In its most available form and 
under ordinary conditions of high agricultural value, costs less in market than 
the same element in less available forms and of a lower agricultural value. 
The commercial value has reference to the material as an article of commerce, 
hence commercial ratings of various fertilizers have reference to their relative 
cost and are used largely as a means by which the different materials may be 
compared. 

There were 209 brands of fertilizers placed upon the market, of which 186 
brands were complete fertilizers containing phosphoric acid, ammonia (nitro- 
gen), and potash, which we will call nitrogenous superphosphates. Of these, 
68 brands were designated as special brands for potatoes, and 35 brands for 
com, grass, and grain. An analysis of the guaranteed figures shows the follow- 
ing composition of the brands of fertilizers sold in the State of Maine : 

Composition of nitrogeneoua superphosphates summarized. 



Phosphoric add. 




Potasl*. 


Number 




Number 




Number 




of 


PtO.. 


of 


NHt. 


of 


KsO. 


brands. 




brands. 




brands. 






Percent. 




PereefU. 




P^eeiU. 


1 


10 




7 


1 


12 


10 


9 







43 


10 


99 


8 




5 


6 


8 


30 


7 




4.76 


23 


7 


38 


6 




4.fi0 


12 


6 


4 


5 


22 


4 


8 


6 


3 


4 


2 


3.5 


15 


4 


1 


3 


51 


3 


23 


3 






29 
24 

6 
11 
22 

1 


2.5 
2 

1.6 
1.25 
1 
.5 


2 
32 
13 

8 


2.5 

2 

1.5 

1 










1 
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Composition of nitrogeneous auperphoaphatea. 



Number 


Phos- 






Number 


Phos- 


Am- 
monia. 




of 


phoric 


Anunonia 


Potash. 


of 


phoric 


Potash. 


braDds. 


add. 






brands. 


acid. 






PerceiU. 


Per cent. 


Percent, 




Percent. 


Per cent. 


Percent, 




10 




7 






5 


7 




9 




6 






• 4.6 


10 




9 




2 






3 


8 




9 




2 






3 


5 




9 




13 






2 


4 




9 


1.6 


2 






2 


3 




8 




7 






1.5 


2 




8 




10 






1 


1 




8 




6 




7.5 


1 


3 




8 


3.6 


4 






5 


5 


17 


8 




7 


17 




4 


10 




8 




6 






3.5 


10 




8 


3 


4 


10 




3 


10 




8 


2.5 


6 






3 


5 


14 


8 


2.5 


3 






2 


2 


11 


8 


2.5 


1.5 






1.5 


3 




8 




10 






1 


6 




8 




6 






1 


4 




8 




4 






1 


2 




8 




3 






4.75 


2 




8 




2 






4 


10 


11 


8 


1.26 


2 






3 


10 




8 




4 






1 


10 




8 




3 






6 


G 




8 




2 






1 


8 




8.6 


1.5 


2.5 






1 


2 


2 


7 




10 






7 


8 


1 


7 




8 











Composition of special "brands for potatoes. 



Number 


Phos- 






Number 


Phos- 


Am- 
monla. 




of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


acid. 






brands. 


acid. 






Per cent. 


Per cent. 


Percent. 




Percent. 


Percent. 


Percent. 




9 


2 


12 


1 


7.5 


1 


3 




8.6 


1.6 


2.5 


1 




5 


10 




8 


4 


10 


3 




4.5 


10 




8 


4 


7 


1 




3 


8 




8 


3 


6 


1 




3 


5 




8 


3 


4 


1 




2.5 


8 




8 


2.5 


6 


2 




2 


4 




8 


2.5 


5 


12 




4 


10 


11 


8 


2.5 


3 


5 




3 


10 




8 


2 


10 


3 




3 


5 




8 


2 


4 


1 




1.25 


4 




8 


2 


3 


1 


6 


1 


6 




8 


2 


2 


1 


4 


1 


8 




8 


1 


4 











Composition of special brands for com, grain, and grass. 



Number 


Phos- 






' Number 


Phos- 


Am- 
monia. 




of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


acid. 






brands. 


acid. 






Per cent. 


Per cent. 


Per cent. 




Per cent. 


Percent. 


Percent. 




10 


4 


7 


2 


8 


1.25 


2 




9 


3 


2 


1 


7 


5 


7 




&5 


1.5 


2.5 


1 


7 


1.5 


2 




8.5 


1 


1.5 


3 


7 


1 


1 




8 


5 


7 


3 


6 


3 


10 




8 


4 


7 


1 1 


6 


3 


5 




8 


2.6 


6 


1 1 


6 


1.5 


3 




8 


2.5 


1.5 


1 


5 


6 


2 


3 


8 


2 


3 


1 


4 


6 


6 


4 


8 


2 


2 
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NOBTH GABOLINA. 

There were 1,805 brands of fertilizers registered for sale In North Carolina 
In the spring season of 190S. The following explanatory matter or advice as to 
making suitable selections from this great mass of material Is taken from the 
official bulletin giving the results of the inspection,* and is probably about all 
that can be safely and positively stated in a general way with our present 
knowledge of fertilizers, soil, and crops, but it is in strange contrast with the 
assurance and knowledge implied in the names and compositions of the brands 
put out by the different manufacturers: 

The analyses presenti»d in this bulletin are of samples collected by the fer- 
tilizer insi)ectors of the department, under the direction of the commissioner of 
agriculture, during the spring months of 1908. They should receive the careful 
study of every fanner in the State who uses fertilizers, as by comparing the 
analyses In the bulletin with the claims made for the fertilizers actually used 
the farmer can know by or before the time fertilizers are put in the ground 
whether or not they contain the fertilizing constituents in the amount they 
were claimed to be present. ♦ ♦ • 

Water-soluble ammonia, — The main materials furnishing ammonia in ferti- 
lizers are nitrate of soda, sulphate of ammonia, cotton-seed meal, dried blood, 
tankage, and flsh scrap. The first two of these (nitrate of soda and sulphate 
of ammonia) are easily soluble in water and become well distributed In the 
soil where plant roots can get at them. They are, especially the nitrate of soda, 
ready to be taken up by plants, and are therefore quick-acting forms of ammonia. 
It is mainly the anmionia from nitrate of soda and sulphate of ammonia that 
will be designated under the heading of water-sol nble ammonia. 

Organic ammonia, — The ammonia in cotton-seed meal, dried blood, tankage, 
fish scrap, and so on Is Includeil under this heading. These materials are Insol- 
uble in water, and before they can feed plants they must decay and have their 
ammonia changed, by the aid of the bacteria of the soil, to nitrates, similar to 
nitrate of soda. 

They are valuable then as plant food In proportion to their content of am- 
monia and the nipldity with which they decay In the soli, or rather the rate of 
decay, will determine the quickness of their action as fertilizers. With short 
season, quick-growing crops, quickness of action Is an Imitortant consideration, 
but with crops occupying the land during the gieater portion or all of the grow- 
ing season it Is better to have a fertilizer that will become available more slowly, 
80 as to feed the plant till maturity. Cottou-seetl meal and dried blood decom- 
pose fairly rapidly, but will last the greater portion. If not all, of the growing 
season in this State. While cotton seed and tankage will last longer than meal 
and blood, none of these act so quickly or give out so soon as nitrate of soda 
and sulphate of ammonia. 

Total ammonia is made up of the water-soluble and organic ; it is the sum of 
these two. 

The farmer should suit, as far as possible, the kind of ammonia to his 
different crops, and a study of the forms of ammonia, as given In the tables of 
analyses, will help him to do this. 

The general character of the brands is as follows : 

Material valued only for phosphate supplied : Brands. 

Acid phosphate, slag, and raw rook 236 

Material valued only for nitrogen supplied: 

Nitrate of soda 45 

Sulphate of ammoni i 11 

Fish scrap 6 

Dried blood 8 

70 

Material valued only for potash supplied : 

KalnlL 61 

Muriate of potash 37 

Sulphate of potash 24 

Mixed salts 1 

123 



•Analyses of Fertilizers— Spring Season, 1908. The Bulletin of the N. C. 
Dept of Agr., vol. 29, No. 4, Apr., 1908. 

72539— S. Doc. 676, 60-2, vol 3 ^9 
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Brands. 
Material yaliied only for phosphoric acid and nitrogen supplied : 

Bone and tankage 83 

Mixed fertilizers: * 

Containing nitrogen and potash 5 

Containiiig phosphoric acid and potash 246 

Complete fertilizers, containing phosphoric acid, nitrogen, and 
potash 1,092 



1,805 

Of the 1,092 brands of complete fertilizers, 504 are special brands for special 
crops, as follows : Three brands for fruit; 176 brands for tolwicco; 11 brands for 
peanuts; 38 brands for com, grain, and grass; 94 brands for cotton; 68 brands 
for potatoes ; 114 brands for truck. 

Nearly half of the complete fertilizers, or nearly a third of the whole number 
of brands offered for sale, purport to be special brands for special crops. 

The 246 fertilizers containing only phosphoric acid and potash have the fol- 
lowing composition : 



Number 
of brands. 


aofd. 


Potash. 




Percent. 


Percent. 




21 


37 




18 






18 






12 






12 






12 






12 






12 






11 






11 






11 






10 




13 


10 




42 


10 




18 


10 




81 


10 




1 







6 


8 




88 


8 




1 


8 


2 


8 


7 


6 



The following special brands for special crops are contained in the phosphoric- 
acid and potash fertilizers: 

Pe(MUt8. 



Number 
of brands. 


Phosphoric 


Potadi. 


1 
1 
8 
3 


Percent. 
11 
10 
8 
7 


PercenL 
3 
2 
4 
f 



Potatoes, 



Nnmber 
of brands. 


Phosphoric 
add. 


Potash. 


1 
1 


Percent. 
10 
10 


Percent. 
6 
2 
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Number 
of brands. 


Phon)horio 


Potash. 




Percent, 


Percent, 




12 






12 






10 






10 






10 






10 


2 


12 


8 


4 



Composition of brands of complete fertilizers summarized. 



Phosphoric add. 


Ammonia. 


Potash. 


Number 
of brands. 


PtO^ 


Number 
of brands. 


NH.. 


Number 
of brands. 


K,0. 


48 

26 

M2 

81 

79 

26 

9 

3 

3 

1 


Percent. 
25 
23 
17 
17 
16 
12 
11 
10 

8.6. 

8 

7 

6 

6 

4 

3 

2 

1 


1 
1 

20 

3 

44 

. 1 

15 

2 

76 

2 

7 

1 

91 

11 

2 

246 

42 

132 

22 

329 

41 


Percent, 
27.6 
11 
10 

7.6 

7 

0.76 

6 

5.5 

6 

4.75 

4.5 

4.25 

4 

3.6 

3.26 

3 

2.76 

2.5 

2.26 

2 

1 


17 

2 
17 
50 
37 
96 

1 
117 
282 

2 
42 

2 
364 

7 
44 


Percent. 
10 
9 
8 
7 

6 

4.6 
4 
3 

2.75 
2.5 
2.25 
2 

1.6 
1 
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Composition of brands of complete fertilizers. 



Number 
of brands. 


Phos- 
phoric 
acid. 


Am- 
monia. 


Potash. 


Nmnber 
of brands. 


Phos- 
phoric 
add. 


Am- 
monia. 


Potash. 




Percent. 


Percent. 


Per cent. 


' 


Percent. 


Percent. 


Percent. 




25 


4 


6 




9 


2 


3 




23 


2 


2 


18 


9 • 


2 


2 




17 


3.6 


3 


17 


9 




1 




16 


2 


2.5 




9 




3 




15 


4.25 


3 




9 




2 




15 


3 


5 




8.5 




4 




12 


2 


2 




8.5 




2.5 




11 


3 


4 




8.5 


2.75 


2 


3 


10 


4 


5 




8.5 


2.5 


2.5 


2 


10 


4 


4 




8.5 


2.6 


1 


2 


10 


3 


10 


15 


8.5 




2 


6 


10 


3 


3 




8.5 




1.5 




10 


3 


2 




8 




6 




10 


2 


5 


1 


8 




6 




10 


2 


4 


1 5 


8 




7 




10 


2 


3 




8 




6 


15 


10 


2 


2 




8 




3 




10 


1 


5 
3 




8 




2 




10 


1 


1 


8 


4.75 


4 




10 


1 


I 




8 


4.75 


2.75 







27.5 


2 1 




8 


4.5 


7 


* \ 


9 


6.75 


2 




8 


4.5 


4 




9 


5 


7 




8 




7 




9 


6 


3 




8 




6 




9 


4 


7 




8 




6 




9 


4 


5 


40 


8 




4 




9 


4 


2.5 




8 




3 




9 


3.5 


9 




8 




2.5 




9 


3.5 


6 




8 




2 




9 


3 


6 




8 


3.5 


7.5 




9 


3 


5 




8 


3.5 


5 




9 


3 


4 




8 


3.6 


4 


13 


9 


3 


3 




8 


3.5 


3 




9 


3 


2 




8 


3.25 


2 




9 


2.25 


1 




8 


3 


10 


22 


9 


2.75 


2 




8 


3 


6 




9 


2.5 


5 




8 


3 


5 




9 


2.5 


3 * 


15 


8 


3 


4 




9 


2.5 


2 


146 


8 


3 


3 




9 


2.5 


1 


8 


8 


3 


2.5 




9 


2.25 


4 


11 


8 


3 


2 




9 


2.25 


3 


1 


8 


2.75 


10 




9 


2.25 


1 




1 


2.75 


4 




9 


2 


4 




8 


2.75 


3 




8 


2.75 


2.5 




6 


10 


2.5 


6 


8 


2.75 


2 




6 


10 


2 


2 


8 


2.5 


6 




6 




7 


1 


8 


2.5 


5 




6 




6 


3 


8 


2.5 


4 


20 


6 




6 


55 


8 


2.5 


3 




6 




8 


5 


8 


2 5 


2.5 




6 




7 


33 


8 


2.5 


2 




6 







5 


8 


2.5 


1.5 




6 


6.6 


10 


1 


8 


2.5 


1 


15 


6 




7 




8 


2.25 


2.6 




6 




6 


2 


8 


2.25 


2.25 




5 




5 


3 


8 


2 


10 




6 


4.6 


. 4 


3 


8 


2 


6 




6 




8 


5 


8 


2 


5 




6 




4 


8 


8 


2 


4 




6 


3 


6 


11 


8 


2 


3 




6 


3 


3 


210 


8 


2 


2 




6 


3 


2.6 


1 


8 


2 


1 




6 


2.6 


3 


9 


8 




4 ' 




6 


2 


6 


5 


8 




3 


1 


6 


2 


5 


1 






5 




6 


2 


4.6 


1 




7.6 


10 




5 


10 


3 


16 






7 




5 


10 


2.5 


1 






5 




6 


10 


2 


1 






4 




5 


8 


3 


1 






6 




5 


7 


5 


2 






5 




5 


6 


9 


10 






8 




5 


6 


7 


8 






7 




5 


5 


6 


1 






6 




6 


4 


6 


18 






5 




5 


3 


6 


1 






4 




6 


2 


10 


1 




4.5 







5 


2 


6 


1 






8 




6 


2 


6 
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Composition of brands of complete fertilizers — Continued. 



Number 


Phos- 






Number 


Phos- 


Am- 
monia. 




of 


phoric 


AmmonlA. 


Potash. 


of 


phoric 


Potash ' 


brands. 


acid. 






brands. 


acid. 


1 




Percent. 


Percent. 


Percent. 




Percent. 


Percent. 


Percent. 






4 


7 






7.6 


2.5 


1 




4 


6 






4 








4 


4 






4 








3.5 


7 






4 




I 




3.25 


2.75 






8 








3 


10 






3 








3 


7 






10 








3 


6 






8.6 








3 


4 






11 








3 


3 






10 








3 


2 






7.6 


1.5 






2 


6 






8 


10 






2 


4 











There are 184 combinations in these 1,092 brands, not counting the differ- 
ences in material of which they are composed. There are 37 combinations em- 
bracing 833 brands, or 76 per cent of the whole number, which have 6 or more 
brands with identical combinations, as follows: 



Number 


Phos- 






Number 


Phos- 


Am- 
monia. 




of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


add. 






brands. 


acid. 






Percent. 


Percent. 


Percent. 




Percent. 


Percent. 


Percent. 


210 


8 


2 


2 


9 


10 


1 


1 


146 


8 


3 


3 


9 


9 


2.25 


4 


55 


8 


2.6 


3 





8 


2.76 


2.6 


40 


8 


4 


4 


9 


8 


1 


4 


33 


8 


2.5 


2 


8 


9 


2.25 


1 


22 


9 


2.75 


2 


8 


9 


1 


2 


20 


6 


7 


5 


8 


8 


3 


2.5 


18 





2 


2 


8 


8 


2 


4 


18 


7 


5 


5 


8 


7 


5 


7 


17 


9 


2 


1 


7 


8 


5 


5 


16 


7 


7 


7 


7 


8 


3 


5 


15 


10 


2 


2 


7 


6 


10 


2 5 


15 


8 


2 


2 


6 


10 


3 


3 


16 


8 


3 


4 


6 


9 


2.5 


2 


15 


6 


6 


7 


6 


8 


4 


3 


13 





3 


3 


6 


8 


3 


10 


11 


8 


2 


8 


6 


8 


2.76 


o 


11 


8 


8 


2 


6 





4 




10 


7 


5 


8 













Composition of special brands for tobacco. 




Number 


Phos- 






Number 


Phos- 


Am- 




of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


acid. 






brands. 


acid. 








Percent. 


Percent. 


Percent. 




Percent. 


Percent. 


Percent. 






3.6 




6 


8 


3 


6 






3 




6 


8 


3 


4 






2.76 




40 


8 


3 


3 






2.6 




2 


8 


2 


3.5 






2.6 




3 


8 


3 


2 






2.76 




1 


8 


2.75 


4 






2 


2 


1 


8 


2.76 


2.5 




S.5 


3 


4 


13 


8 


2.6 


2.5 




8.6 


3 


2.6 


21 


8 


2.6 


3 




8.5 


2.76 


2 


2 


8 


2.26 


2.5 




8.5 


2.6 


2.6 


2 


8 


2 


4 




&6 


2 


2 


2 


8 


2 


3 




8 


4.75 


4 


20 


8 


2 


2 




8 




7 


1 





3 


3 




8 




6 


1 


6 




9 




8 




3 


1 


6 




6 




8 




2.6 


2 


4 




6 




8 




4 


1 


4 




6 




8 


3.6 


6 


1 


4 




6 




8 


3 


10 






ninitlTfi 
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Composition of special brands for cotton. 



Nurabor 


Pho*. 






Number 


Phos- 


Amr 
monia. 




of 


phorio 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


add. 






brands. 


acid. 






Percent, 


Perceni. 


Perceni. 




Percent. 


Percent. 


Percent. 


2 


10 


3 


3 


19 


8 


3 


3 


1 


10 


2 


3 


2 


8 


3 


2 


2 


10 


2 


2 






2.75 


2 


1 


10 


1 


3 






2.5 


3 


4 


9 


8 


4 






2.5 


2 


7 


9 


2.76 


2 






2.6 


1.5 


1 


9 


2.6 


1 


31 




2 


2 


4 


9 


2 


1 






3.26 


2.76 


2 


9 


1 


8 






2 


6 


2 


&6 


2 


2 






3 


3 


1 


8 


4 


6 






8 


2.6 


6 


8 


4 


4 






4 


4 


1 


8 


4 


8 











Composition of special brands for potatoes. 



Number 


Phos- 


" 




Number 


Phos- 


Am- 
monia. 




of 


phoric 


Ammonia. 


Potash. 


of 


phorio 


Potash. 


brands. 


acid. 






brands. 


acid. 






Perceni. 


Percent. 


Percml. 




Perceni. 


Perceni. 


Per cent. 




16 


2 


2.6 






3.6 


7 




8 










3 


10 




8 


4.6 








8 


7 




8 












7 




8 












C 




8 












5 




8 












7 




8 












7 




8 




10 








5 




8 












4 




7 


7.6 


10 








f. 




7 












5 1 




7 












7 




7 










3 


6 




7 










2 


10 




7 










8 


8 




7 















Composition of special brands for com, grain, and grass. 



Number 

of 
brands. 


Phos- 
phoric 
acid. 


Ammonia. 


1 
Potash. 


Number 

of 
brands. 


Phof- 
phorio 
acid. 


Am- 
monia. 


Potash. 




Percent. 
11 

10.6 
10 
10 
10 
10 
10 

9.6 

9 


Percent. 
3 
2 
2 

2 

1 
1 
1 
2 
2 


1 
Percent. 

I 1 


12 


Percent. 
9 
8 
8 
8 

6 
6 
4 
1 


Percent. 

1 
3 
2 
1 
3 
10 
2 

7.6 
8 


Per cent. 
2 
6 
2 
3 
3 
2 
5 

2.5 
10 



Digitized by 



Google 



WHiTKKT.] COMMERCIAL FERTILIZERS. 

Composition of special brands for truck crops. 
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Number 


Phos- 


Am- 
xnoDia. 




Number 


Phos- 


Am- 
monia. 




of 
brands. 


phorio 
•dd. 


Potash. 


of 
brands. 


phoric 
•dd. 


Potash. 




Percent. 


Percent. 


PercenL 




Percent. 


Percent. 


Per cent. 




26 






1 










10 

















10 






2 










10 




10 


5 










10 






2 













8.6 




12 










8 






1 










8 






1 










8 






1 










8 






2 




10 






8 






1 










8 


4.6 




11 










8 


4.5 




2 










8 






8 










8 






1 










8 






1 










8 




10 


2 




2.75 






8 






1 




2.76 






8 






1 




2 


4.5 




8 


2.6 




5 




10 






8 


2.5 




4 




10 


2.5 




8 


2.6 




1 




8 




2 


8 


2 




1 




6 




1 


8 


2 


2.25 











ALABAMA. 

The following extracts from tlie Alabama law and comments on the same are 
taken from the official bulletin giving the results of the fertilizer inspection 
for 1908 :« 

** Sec. 6. No complete fertilizer, acid phosphate with potash, acid phosphate 
with nitrogen, or plain acid phosphate shall be sold in this State which con- 
tains less than 14 per cent plant food, namely, available phosphoric acid, 
nitrogen calculated as ammonia, and potash, either singly or in combination: 
Provided, That no complete fertilizer shall be sold in the State which contains 
less than 1.65 per cent of nitrogen, equivalent to 2 per cent of ammonia. 

** Sec. 10. No person, company, dealer, or agent shall sell, expose, or offer for 
sale in this State any pulverized leather, raw, steamed, roasted, or in any other 
form, either as a fertilizer or fertilizer material, without first having made full 
and explicit statement of the fact and registration with the commiRsioner of 
agriculture and industries, aild furnishing satisfactory proof that the nitrogen 
is sufficiently available and valuable for the purpose for which it is sold." 

As a result of the enactment of the legislation referred to, the quality of the 
fertilizers found upon the market during the present season Is considerably 
higher than heretofore, though the increase in pltyit food is chiefly in the phos- 
phoric acid of the fertilizer. It is noted that owing to the change in the mini- 
mum limit of plant food some brands supplying the essential fertilizing con- 
stituents in entirely different proportions from those heretofore supplied by 
the brands upon the market have been listed for sale during the present season, 
and it seems quite probable that good results will follow the elimination of 
such fertilizers as the 10 : 1 : 1 goods. Fertilizers of this last-mentioned grade 
supply only 1 per cent each of potash and ammonia, and where the practice 
of applying one sack per acre of such a mixture has been adopted, only two 
pounds each of ammonia and potash are employed per acre of land. Inasmuch 
as many of our average soils to a depth of 6 inches will weigh about 2,000.000 
poands per acre, it will be seen that the application of such small amounts 
of ammonia and potash would add to the soil a relatively insignificant anioimt 
of plant food, and where these two particular constituents are needed by the 
soil they are usually needed In much larger proportions. 

The situation with respect to the guaranteed composition of the brands on 
nle In Alabama is simplicity itself as compared with the figures for the four 
States already mentioned. There are 364 brands of complete fertilizers on sale 
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in the State, of which S41 brands, or 94 per cent, have the following guaranteed 
composition : 



Number 


Phos- 






Number 


Phos- 


Am- 
monia. 




of 


phoric 


Ammonia. 


Potash. 


of 


phoric 


Potash. 


brands. 


acid. 






brands. 


acid. 






Percent. 


Pereetu, 


PereetU. 




PercenL 


Percent. 


Percent. 


261 


10 


2 


2 


7 


9 


3 


3 


7 


10 


4 


4 


17 


9 


2 


3 


17 


10 


3 


8 


21 


8 


2 


4 


6 


10 


2 


8 


16 


10 


2 


4 



The formula 10: 2: 2 far outnumbers all others, being represented by 251 
samples, or 70 per cent of the whole number. 

The extreme range in composition in the 341 brands as shown above is 2 per 
cent phosphoric acid, 2 per cent in ammonia, and 2 per cent in potash. In the 
remaining 23 brands the phosphoric acid goes up in 3 cases to 12 per cent and 
down to per cent In 2 cases. I*otash goes as low as 1 per cent in 3 brands. 
These are the extreme limits in composition of the complete fertilizers sold In 
the State. There are practically no special brands for special crops except cot- 
ton. The revenue from the sale of fertilizer tags for the fiscal year 1907-8 is 
given as ^J48. 

OEOBGIA. 

The Georgia department of agriculture discusses quite fully the composi- 
tions of fertilizers and their relation to crops, and actually gives a numl>er of 
special formulas for special crops, without, however, claiming to Ijase these 
uix)n exact knowledge.** 

The following extract from the state fertilizer inspection law is interesting in 
this connection : 

"Sec. 4. Be it further enacted that the words *high grade' shall not appear 
upon any bag or other package of any comi)lete fertilizer, which complete 
fertilizer contains by its guaranteed analysis less than 10 per cent available 
phosphoric acid, 1.65 per cent nitrogen (equivalent to 2 i^er ct»nt of ammonia), 
and 2 per cent of i)otash, or a grade or analysis of equal total commercial value ; 
that the word * standard ' shall not appear ui)on any bag or other imckage of 
any complete fertilizer which contains, by its guaranteed analysis, less than S 
per cent available phosphoric acid, 1.65 per cent nitrogen (equivalent to 2 per 
cent ammonia), and 2 i)er cent potash, or a grade or analysis of equal com- 
mercial value; that the words 'high grade* sliall not ai>i>ear upon any bag or 
other package of any acid i)hosi)hate witli iK)tash which shall contain by its 
guaranteed analysis less than 13 per cent available phosphoric acid, and 1 per 
cent potash, or a grade or analysis of equal total commercial value; that the 
word 'standard' shall not appear upon any bag or other package of any acid 
phosphate with potash which shall contain, by its guaranteed analysis, less 
than 11 per cent available phosphoric add and 1 per cent potash, or a grade 
or analysis of equal total commercial value; that the words 'high grade' shall 
not appear upon any bag or other package of any iilain acid phosphate which 
shall contain by its guaranteed analysis less than 14 per cent available phos- 
phoric acid; and lastly, that the word 'standard' shall not apiH»ar upon any 
bag or other package of any plain acid phosphate which shall contain, by its 
guaranteed analysis, less than 12 per cent available ])hosi>horic acid. It is hereby 
providtHi that no complete fertilizer, acid phosphate with ]K)tash, add phos- 
phate with nitrogen, or plain acid phosphate shall be oITereti for sale in this 
State which contains less than 12 i>er cent of total plant food, namely, avail- 
able phosphoric acid, nitrogen when calculated as ammonia, and i)otash, either 
singly or in combination : Provided, That In mlxiHl fertilizers there shall not 
be clalmeil less than 1 per cent potash and 0.82 i)er cent nitrogen, when one 
or both are present In the same mixture." 

The following rulings have been made by the commissioner, based upon the 
inspection law : 

Fourth. — In case of goods containing 10 per cent available phosphoric acid. 
0.82 per cent nitrogen, and 1 imv cent iK)tash, or such mixture 9 : 1.65 : 1, or 
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8 : 0^2 : 3, or other combinations which do not reach a total commercial 
value equal to that of the standard fertilizer, which Is 8 : 1.65 : 2, such mix- 
tares are not to l>e desigrnated by any ^ade at all. Such goods may l>e offered 
for sale and branded with any name the market desires to give, provided such 
name does not indicate that they belong to a high or standard grade. 

Sixth. — In the case of goods containing less than 1.65 per cent nitrogen they 
may be branded as "ammonlated" goods, "guano" or "fertilizer," or other 
words implying that the same Is an ammonlated superphosphate, provided they 
contain not less than 0.82 per cent nitrogen. 

Seventh. — ^A goods containing 10 per cent available phosphoric acid, 0.82 per 
cent nitrogen and 3 per cent potash, can not be branded high grade, since it 
has not as high a commercial value as the legal high grade. 

Eighth. — No manufacturer has the right to print the word " ammonia " at all 
on his sacks. 

Sixteenth. — It is hereby ordered, In consonance with the spirit of section 8 
of the law, that no cyanogen compounds, dried muck or peat, wool waste, 
tartar pomace, or Mora meal, or other material not recognized by scientific 
authorities as being available sources of plant food, shall be used in any fer- 
tilizer sold in this State. All manufacturers are warned against purchasing 
unfamiliar fertilizer materials without first Inquiring of this department as to 
their character. 

Under the title " Misleading brand names and a little advice on purchasing," 
the following occurs: 

It shall be borne in mind always that state valuations are relative and approx- 
imate only, and are only intended to serve as a guide. It is much to be desired 
that farmers should study the analyses giving the actual percentages of plant 
food more, and pay no attention whatever to names and brands. 

They should realize, for Instance, that In nine cases out of ten brands known 
as "pure dissolved bone" contain not a particle of bone, but are made simply 
out of phosphate rock. They are every ** whit and grain " as good as if they 
were made from bone, the available phosphoric acid from rock being Just as 
available and Identically the same as the available phosphoric acid from bone. 
The proof that such brands are not made from bone is that they contain no 
nitrogen, and if they were made from bone the percentage of nitrogen would 
be stated, and would be charged for. This is only one instance of the folly of 
being influenced by names and brands — many might be given. 

Remember that a multiplicity of brands is also expensive to the manufac- 
turer, and you have to pay the cost in the long run. Study the market, 
select a time for purchasing when general trade In fertilizers is dull, club 
together with some of your neighbors, and then order from a reliable manufac- 
turer, stipulating, if you have a preference, just what materials the goods shall 
be made from, and especially the guaranteed percentage of nitrogen, phos- 
phoric acid, and potash. Let the maker call it anything he pleases. 

The following proportion of plant food element for special crops is recom- 
mended by the department, although the caution Is given that "every intelli- 
gent farmer will study his environment, his soil, and climatic conditions, and 
then use his best judgment." 



Crop. 



Couon 

Cora 

Wheat 

Celery 

Potatoes 

Beets Mid lotHicc 

Cabbaee, cauUnower, cucumbers, and melons, 

Spinach 

Radish and tomip 

Asparagus 

Eorpltuit and tomatoes 

Onk>ns 

Sweet potatoes 

Beans and peas 



Pbospboric 


Ammonia. 


Potash. 


Percent. 


Percent. 


Percent. 


10 


6 




8 






5 






5 


8.5 




7 






5 






5 






8 






7 






7 






6 






S 






7 


3.5 




7 


3.5 
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Coming now to a consideration of the composition of the brands actually on 
the market, we find on the whole an astonishingly small variation in percentage 
composition of mineral plant food elements, although there is no possible way 
of determining how much variation there is in the material that weat into the 
several brands. 

There were 1,822 brands inspected, analyzed, and placed on the market for 
sale. Of these, 1,260 brands contain two or more plant food elements (phos- 
phoric acid, nitrogen, or potash) in 106 combinations. There are 26 combina- 
tions, however, embracing 1J43 brands, or 90 per cent of the total, in which 
each combination is represented by 6 or more brands. Of the 1,260 brands 
containing two or more elements, 1,259 contain phosphoric acid, and 1,10;] 
brands, or 92 per cent, contain from 8 to 10 per cent of phosphoric acid, as 
follows : 



Brands. 


Percentage 

of phos- 
phoric acid. 


Number. 


Pwoent- 
8ge. 


563 
180 
420 


45 
14 
88 


10 

8 



There are 77 brands, or 6 per cent, containing from 11 to 16 per cent, and 19 
brands, or 2 per cent, containing from 7 to 5 per cent of phosphoric acid. 

There are 1.259 brands containing potash, and 1,189 of these brands, or 93 
per cent, contain from 1 to 4 per cent of potash, as follows: 



Brands. 


Percentage 
of potash. 


Number. 


Percent- 
age. 


291 

249 

605 

44 


23 
20 

47 
8 


4 
3 
2 
1 



In addition to these, there are 54 brands, or 4 per cent, contnfning from 5 
to 8 per cent of potash. 

There are 987 brands containing nitrogen, and of theso 947 brands, or 96 per 
cent, contain fi'om 1 to 4 per cent of ammonia, as follows : 



Brands. 


Percentage 
of am- 
monia. 


Number. 


Percent- 
age. 


34 

85 

I 606 

132 


3 
9 
70 
14 


4 
8 
2 

1 



In addition to these, there are 17 brands, or 2 per cent, containing from 6 
to 8.9 per cent of anmionia. 

There are 855 brands, or 89 per cent, of all the complete fertilizers in which 
the variation in composition is from 8 to 10 per cent phosphoric acid, 1 to 4 
per cent ammonia, and 1 to 4 per cent potash, as follows : 
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Brands. 


Peroenta^B 

ofphoa- 
phorksadd. 


Peroentace 
of ammonia. 


Peroent- 
ageof 
potash. 


Number. 


Pwoen- 
tage. 


2S5 
242 
90 
44 

34 

28 
23 
23 
23 
18 
18 
18 
14 
13 
12 


27 
20 
9 
5 

4 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 


10 
8 
9 
10 
10 
10 
8 
10 
9 
10 
8 
9 
9 
9 
8 


3 
2 
2 
3 

1 
2 
1 
1 
1 
4 
2 
2 
3 
2 
3 


2 
2 

2 
8 



Or, to put the matter In another way, there are 610 brands that differ only 2 
per cent in the phosphoric acid, as follows : 



Nomberof 
brands. 


Peroenta^ 

ofpboa- 
phorloadd. 


Peroentace 
of ammonia. 


Percentage 
of potash. 


255 

13 

242 


10 
9 
8 


2 
2 
2 


2 
2 
2 



Then, there is in addition 254 brands in which the extreme variation from the 
above is 1 per cent ammonia and 2 per cent potasli, as follows : 



Number of 


Percentage 

of pbos- 
phortc acid. 


Percentage 
ofanmionla. 


Percentage 


brands. 


of potash. 


28 


10 


2 




8 


10 


2 




34 


10 


1 




1 


10 


1 




6 


10 


1 




1 


9 


2 




90 


9 


2 




2 


9 


1 




» 


9 


1 




23 


9 


1 




18 


8 


2 




8 


8 


2 




6 


8 


1 




28 


8 


1 





It iB apparent, therefore, that 704 brands, or 80 per cent, of the complete fer- 
tilizers sold in the State of Georgia liave an extreme variation in cuuipusitiou — 
so far as the official records show, and the manufacturers' guaranty claim — of 2 
per cait in phosphoric acid, 1 per cent in ammonia, and 2 per cent in potash. 
Furthermore, they are far below in ammonia and potash content the formulas 
proposed by the state inspection, as given on a previous page of this report. 
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The following Is a list of the 255 brands having a guaranteed composition of 
10 per cent phosphoric acid, 2 i)er cent ammonia (1.85 nitrogen), and 2 per cent 
potash : 

List of brands having the guaranteed composition 10 : 2 : 2, 



Athens High Grade Guano. 
A A A A High Grade Guano. 
Acid and Meal Mixture. 
Acme High Grade. 
Adair's Soluble Pacific. 
Alligator Aninioniated Bone. 
American High Grade Fertilizer. 
10 : 2 : 2 Anim9niated Bone. 
Ammoniated Dissolved Bone. 
Ammoniated Dissolved Bone and Pot- 
ash. 
Anderson's High Grade. 
A. N. Hay's Fish Scrap High Grade. 

A. & T. Ammoniated Dissolved Bone. 
Atlantic High Grade Ammoniated 

Guano. 

B. & B's High Grade. 
Balcer's High Grade. 
Baker High Grade. 

Ball Ground High Grade. 

Baugh's High Grade CJotton and Truclv 

Guano. 
Bear High Grade Beef, Blood and 

Bone. 
" Big Crop." 

Birmingham Blood, Bone and Potash. 
Birmingham High Grade Fertilizer. 
Black Hawk High (Jrade. 
Black Jack High Grade Guano. 
Blood and Bone. 
Blood and Bone High Grade. 
Blood and Bone High Grade Fertilizer. 
Blood and Bone High Grade Guano. 
Blood, Bone and Potash. 
Blood and Tankage Mixture, 
l^owker's High Grade Fertilizer. 
Boyd's Acme Soluble. 
Boyd's Animal Bone Guano. 
Brer Fox Fertilizer. 
Brer Rabbit Fertilizer. 
Buffalo High Grade. 
Burke County Fertilizer, 
(^ampton High Grade. 
Ca pi tola High Grade Guano. 
Carlton's Best. 
Carter's Boll Maker. 

C. F. Sasser's Choice. 
Chattahoochie. 

Cherokee Fish High Grade. 
C^herokee High Grade. 
Cherokee High (irade. 
Chlckamauga Fish Scrap Guano. 
Cliickamauga High Grade Fertilizer. 
Chlckamauga Peanut Food. 
Climax. 

C. O. and F. Co.'s High Grade. 
Heard County High Grade. 
Henry County High Grade Guano. 
*' High Grade." 
" High Grade." 



'* High Grade." 

High Grade Guano. 

High Grade Fertilizer. 

High Grade Fertilizer. 

High Grade Guano. 

High Grade Guano. 

Hill Billy, 

High Grade Ashepoo Fertilizer. 

High Grade Bradley Soluble Guano. 

High Grade Meal Mixture. 

High Grade Victor Guano. 

H. and H.'8 High Grade C. S. M. 
Guano. 

Hodge Home Mixture No. 3. 

Holbrook Cotton Special. 

Home Mixture No. 3. 

Home Mixture No. 3. 

Home Mixture No. 3. 

Home Mixture No. 3. 

Home Mixture No. 3. 

Home Mixture No. 3. 

Home Mixture No. 3. 

Hoschton Pride and Big Indian Cotton 
(Jrower. 

H. P. and B.'s Cotton Hustler. 

number's Compound. 

Independent High Grade. 

Jackson County Favorite Cotton Pro- 
ducer. 

Jacksonville High Grade Fertilizer. 

Jasper High Grade. 

Jefferson High Grade Complete Fer- 
tilizer. 

Jefferson Meal, Acid, and Potash Mix- 
ture. 

.Tenkln's Special Blood Guano. 

Jewell's High Grade Guano. 

J. J. and B. L. Bond and Company's 
High Grade. 

Jones Merc Co. High Grade. 

Kirk's High Grade Fish Guano. 

Knight's Special. 

I^ngford's Best 

I^gal Tender High Grade. 

I^wis' High Grade 

Lion High Grade Guano. 

I Aon Power Guano. 

Lowry's High Grade Guano. 

.McCarty High Grade Com Grower. 

McCJarty High Grade Cotton Grower. 
I McCiure's High Grade Special. 

McDonald and Weaver Acid and Meal. 
' ?rcDuffle's High Grade Guano. 

Mansfield Blood and Meal Formula. 

Marrlman's Cotton Boll. 

10:2:2 Cotton Seed Meal Mixture. 

Columbia High Grade Cotton Grower. 

Coweta Fish Guano. 

(%>weta High Grade Fertilizer. 

Compound Guano. 
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Cooper*8 High Orade. 

CJooper's High Grade Guano. 

Cotton Grower. 

Cotton Meal SpeciaL 

Cotton SnccesB. 

Cotton Tail. 

C. P. Lively Son's High Grade. 

10:2:2 C. S. M. Mixture. 

Davis High Grade Guano. 

Daybreak Fertilizer. 

Delaware River High Grade Fish 
Guano. 

Eagle High Grade Guano. 

E. B. Clark's Cotton Grower. 

Empire High Grade Ammoniated Dis- 
solved Bone. 

Eknpire State Blood and Bone. 

Etowah High Grade. 

Eureka Ammoniated Bone. 

Butaw High Grade Golden Fertilizer. 

Farm Bell High Grade. 

Farmers Choice. 

Farmers Choice. 

Farmers Friend. 

Farmers High Grade. 

Farmers Soluble High Grade. 

Farmers Special Number 4. 

Farmers Success. 

Fayette Company High Grade. 

Felton*s Favorite. 

Fish Compound. 

Flannery*s Staple Upland Cotton 
Grower. 

Fowler Brother's High Grade Guano. 

Fox Favorite. 

Ft Valley No Filler. 

Furman's Fish Guano. 

Furman's High Grade Fertilizer. 

Georgia High Grade. 

Georgia High Grade. 

Georgia Keystone. 

Georgia Test High Grade. 

Gibb's Special Cotton Guano. 

Gilt Edge High Grade Guano. 

Gossett's Blood* Bone, and Meal. 

Governor Guano. 

Green County Oil Company's High 
Grade. 

Green and Shadbum High Grade. 

44 High Grade Guano. 

Hammock's High Grade Formula. 

Hampton High Grade Guano. 

Mastodon Ammoniated Soluble Phos- 
phate. 

Maxwell's Favorite. 

Mississippi Sawyer. 

Monarch Guano. 

Moore's Special Pride. 

Mortgage Killer. 

Mortgage Lifter. 

Navaam High Grade Fertilizer. 

Neely's Burke County Fertilizer. 

Newton County High Grade Guano. 

North Georgia Pride. 

N. and N's High Grade Ammoniated 
Gnauo. I 



Ober's Special Ammoniated Dissolved 
Bone. 

Oil Mill High Grade Fertilizer. 

Old Domian High Grade Guano. 

Old Time Fish Scrap Guano. 

Oliver's Acid, Meal, and Potash. 

Oostanaula High Grade Blood and 
Bone. 

Orange High Grade. 

Our Union Ideal. 

Owen's High Grade. 

Ox Grade Ammoniated Bone. 

0.\ High Grade Fish. 

I'atapsca Guano. 

Paulding County High Grade. 

Puulllns' Blood and Bone. 

Pelican Guano. 

Planter's High Grade. 

Planter's High Grade Fertilizer. 

Planter's Pride. 

Planter's XXXX High Grade Blood, 
Bone, and C. S. M. 

Plow Share Brand Guano. 

P. N. P's Complete High Grade Guano. 

Pride of Fayette. 

Pride of Morgan. 

Head's Full Boll. 

Head's High Grade Ammoniated Dis- 
solved Bone. 

Head's Special Comi)ound C. S. Meal. 

Red Cross High Grade (Juano. 

Hed Elk High Grade No. 2. 

Hodwine's Special. 

Rex High Grade. 

Romulus High Grade Guano. 

Royal High Grade Guano. 

Royal Seal Guano. 

Royster's High Grade Soluble Guano. 

Roystou High (Trade. 

Salmon's High Grade. 

Sam Bowers' Acid, Meal and Potash 
Mixture. 

Sam Bowers' High Grade. 

Savannah Oil Mill Hijrh Grade Fer- 
tilizer. 

Scott's Gossypium Phosphate. 

Sea bird High Grade Guano. 

Senora High Grade. 

Shirley's High Grade. 

Smith's High Grade Blood and Bone. 

Southern High Grade Fertilizer. 

Special Mixture. 

S. P. Thompson's High Grade (tunno. 

S. S. Grant High Grade Cotton Pusher. 

S. S. Old Peruvian. 

Stafford's Blood and Meal. 

Stafford's High Grade Guano. 

Strickland's High Grade. 

Superior Meal Mixture. 

Swift's Engle High Grade Guano. 
The Troup Company's Blood and Bone. 
The Troup Company's Ocean Fish 

Scrap. 
Three States High Grade Soluble 

(iuano. 
Touawanda Guano. 
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Tuscarora Big Crop Fertilizer. 
Uncle Joe High Grade. 
Uncle Bemus' High Grade Guano. 
Uncle Sam High Grade Ammoniated 

Guano. 
Uruguay Ammoniated Bone. 
Union Ideal Guano. 
Upson County High Grade. 
U. S. Meal Mixture. 
V. C. Chesapeake Fish Guano. 
V. C. High Grade Fish Guano. 
V. C. Special High Grade Meal E^ertl- 

lizer. 



Vidalia Gold Medal Fertilizer. 
Walton High Grade. 
Warrior High Grade Complete Ferti- 
lizer. 
W. A. Shore's High Grade. 
W. D. Hawkins' High Grade Guano. 
W. and H's Golden Union. 
Wilson's Cotton Grower. 
Winder High Grade Guano. 
W. O. C, a pure Blood Guano. 
Woods High Grade. 
W. and T. High Grade Cotton Special 
Y Allow Jacket Guano. 



OBSERVATIONS ON THE DATA. 

While the Georgia state department of agriculture recommends that from 
200 to 500 pounds of fertilizer be used per acre, it may be safely said that the 
amount applied by the great majority of farmers is about 200 pounds per acre. 
Out of the 764 brands, such an application would add from 16 to 20 pounds 
phosphoric acid, 2 to 4 pounds anunonia, and 4 to 8 pounds potash to an acre. 

If we assume that this fertilizer goes into inmiediate and complete solution 
and is distributed in the soil moisture to a depth of 6 inches from the surface, 
and if we assume further that the weight of an acre of soil 6 inches deep is 
2,000,000 pounds and contains on the average 15 per cent of water, the maximum 
effect on the concentration of the soil moisture, diregarding the effect of the 
fertilizer on the solubility of the soil minerals and the absorbing power of the 
soil, will be approximately as follows: Phosphoric acid, 53 to 67 parts per 
million; ammonia, 7 to 13 parts per million; and potash, 13 to 27 parts per 
million. 

So far as the ammonia and potash are concerned, these concentrations are 
comparable with the normal concentrations of the soil moisture; for phosphoric 
acid the figures are considerably higher. 

It may be assumed that in a majority of cases when used an application of 
200 pounds of commercial fertilizer increases the productivity of the soil. An 
application of 400 pounds or 600 pounds is undoubtedly more efficient, and suc- 
cessful applications up to 3,000 pounds per acre are employed on tobacco, truck, 
and other special industries. 

What immediately concerns us here, however, is the differences In composi- 
tion in the brands of fertilizers sold and the relative efficiency of these brands 
when applied to any particular field or crop. We have seen that of the d87 
brands of complete fertilizers sold in Georgia markets, 255 brands, or 27 per 
cent, have the composition 10 : 2 : 2. Several of the dealers and manufacturers 
put out 6 or 8 more brands of this same composition. Do they differ and have 
different effects on the soil, and are they more efficient in connection with dif- 
ferent crops? Under the state law and trade conditions they virtually have 
to be sold for the same price per ton. Officially, and so far as the public have 
certain knowledge, these 255 brands are all one and the same thing, and yet in 
all probability most of them differ In some essential character in composition 
and effectiveness, by reason of the material contained or mode and condition of 
mixture. We know that the different carries of phosphorus, nitrogen, and potas- 
sium have very different effects on soils and crops, and the time has come when 
it would be an advantage to the farmer, and equally to the manufacturer, to 
determine more nearly the relative effect of materials on soils and crops rather 
than to pursue longer the study of the elements — for after all it is the material 
which counts rather than the elements which go to make up the material. That 
is to say, it is not the potash but the potash salt There are nitrogenous bodies 
and potash salts both extremely toxic to plants, but of the common materials 
which can be safely used for crops, some are more efficient on some soils and 
some on others, and more should be known about such matters. 

Contrast now with 255 brands of the composition 10 : 2 : 2 the 242 brands 
of the composition 8:2:2, making together more than half the brands of 
complete fertilizers sold In the State. Is there a real difference in effect of 
these two classes due to the difference of 2 per cent of phosphoric acid? Or 
put the case more strongly still. Take the extreme limits In composition on 
the great majority (80 per cent) of fertilizers sold in the State, as given abOYtt. 
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This would probably be 10 : 1 : 2 and 8 : 2 : 4, or we might take 10 : 2 : 4 
and 8:1:2. The difference In the actual amount of nitrogen and potash is 
100 per cent; and to make the same application double the amount of fertilizer 
would have to be applied in the one case than in the other. The difference Is 
much less in the case of phosphoric acid, but apart from the question of the 
actual amount, does the difference in proportion shown by these small quantities 
have an appreciable effect on the soils and crops? In the above formulce for ex- 
ample, as extreme cases, we might apply 2 pounds per acre of ammonia with either 
4 or 8 pounds of potash, or we might apply 4 pounds of ammonia with either 
4 or 8 pounds of potash. Would these proportional and actual differences show 
in their relative effect on the soil and plant? We have reason to believe from 
laboratory and greenhouse experiments in growing plants In solutions of pure 
cultures and In poll extracts that they would, but we do not know enough about 
it, and it is in this direction that further Investigations shouUl be nuule to bring 
some order out of tlie problem of the practical application of fertilizers. 
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By Dr. B. T. Galloway, 
Chief of Bureau of Plant Industry, United States Department of Agriculture. 



SUMMABY. 



The latest available figures show that the land area of the United 
States is, in round numbers, nearly 2,000,000,000 acres. The area in 
favms is approximately 850,000,000 acres, or 45 per cent of the total 
land. Irrigation, drainage, and utilization of arid and semiarid lands 
will probably make available for future use fully 50 per cent more 
land, or approximately 400,000,000 acres more. 

The total wealth produced from the land in 1907 was, in round 
numbers, $7,500,000,000. As compared with the year 1899, the in- 
crease is 57 per cent. The increase in prices of farm products since 
1900 is 37 per cent; the increase in prices of all commodities for the 
same period is 29 per cent; the increase in the value of farm land 
from the year 1900 to 1905, inchisive, is $6,131,000,000. 

For the past five years the exports of agricultural products aggre- 
gated $4,565,000,000, reaching a maximum in 1907, when the value of 
the exports was $1,055,000,000. 

The latest available figures show in the United States 6,000,000 
farms. On 50 per cent of these farms production is falling off; on 
the other 50 per cent production is increasing. The average produc- 
tion of all crops has been increasing for forty vears. Ninety per cent 
of the total increase in yields is brought about by 10 per cent of all the 
farmers. 

Not less than 75 per cent of all the farmers in the country are 
engaged in some form of exploitive agriculture; that is, 75 per cent 
of all the farmers are taking from the land more than is being put 
back. Soil exploitation is an economic necessity in any new region 
or country and will continue where industrial pursuits other than 
agriculture are not encouraged, supported, and advanced. An 
equilibrium of industries means national prosperity. As an economic 
fundamental, selling must be accompanied by buying. 

The wealth per capita of the farmer, the value of his land, his 
ability to select crops and systems of farm management, his power to 
supplant hand labor by machinery, and his ability to continually 
and profitably grow crops and at the same time build up and main- 
tain the fertility of the soil are all directly dependent upon the mu- 
tual relation of agriculture to other industries. A constructive 
policy, therefore, for all industries means a constructive policy lor 
agriculture. 
144 
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The annual wastes from the farm aggregate an amount equal 
to the annual products, viz, $7,500,000,000. Wastage of soil fertility 
through erosion, the losses caused by insects, diseases, and other 
enemies, the losses through misdirected labor, lack of proper capitali- 
zation, lack of cooperation and organization in the selling of things 
produced and the buying of things used on the farm, lack of adapta- 
tion to environment or inability to shift crops and practices to 
changing economic conditions, and lack of knowledge and experience 
in handling, storing, and transporting corps, are some of the direct 
and contributing causes of the wastes in question. These wastes are 
a natural concomitant of our rapidly shifting economic conditions. 
AVith the development of other industries ana increased population, 
larger demands for agricultural products and keener competition, 
the wastes will graduallv disappear. 

Every type of agriculture, from soil mining by individuals and 
organized groups of individuals to well-balanced, profitable, and 
constructive systems, is to be found in this country. The extremes 
cited are practiced through lack of knowledge and because under 
existing economic conditions both are found profitable in their re- 
s^pective localities. 

Agricultural production in the United States will increase as 
rapidly as profits justify and the individual farmer shifts his meth- 
ods and practices in conformity with better knowledge of the 
economic changes now taking place. The potentialities of produc- 
tion, through improved systems of farm management and increased 
efficiency of crops as the result of breeding, selection and adapta- 
tion, cooperation and organization in buymg and selling, utiliza- 
tion of machinery and horsepower, prevention of direct wastes, 
etc., are sufficient at the present time to double the yields without 
anv increase in acreage. 

I'he problem at hand is not an increase in the number of farmers 
so much as an increase in the efficiency of the individual farmer 
and the maintenance of the proper relations between the labor of 
the farmer and that of other industrial pursuits. If 30 per cent 
of the labor of the country were engaged in agriculture it would 
tend toward higher efficiency of the farmer, ^tter prices, better 
methods, and less direct waste than a larger percentage. A greater 
efficiency of the farmer and the consequent reclamation and con- 
servation of the natural resources with which he comes in contact 
may be brought about by proper education, efficient organization, 
ana effective cooperation. Proper education, organization, and co- 
operation means socializing rather than individualizing the farmer ; 
the broadening of the training of the children of both city and 
country to the end of creating a just appreciation of all industries. 

It means not only the full support of the state in bringing home to 
the individual farmer all the mformation that will make the land 
more productive, but the full support of the state in making the 
farmer a part of the world movement for social uplift. There are 
now many forces working to this end and these forces are constantly 
growing m power and influence. The moment Is at hand for a con- 
structive policy having for its object the federation of these forces 
through a properly equipped and organized federal agency. 

72639— S. Doc. 676, 60-2, vol 3 10 
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AGRICULTURAL PRODUCTION WITH SPECIAL REFERENCE TO 

CROP RESOURCES. 



By Albert F. Woods, 
Bureau of Plant Industry, United States Department of Agriculture. 



In discussing the question of agricultural production from the 
standpoint of the maintenance of our natural resources, we have to 
consider, first, those natural factors which are modified, either in 
the direction of improvement or deterioration, by their use, namely, 
plants, animals, and the soil, and possibly tools and methods; second, 
those economic and social conditions which stimulate or suppress the 
cultural effort and ability of men. This paper will deal briefly with 
the origin, status, and potentiality of our crop resources. Agricul- 
ture has been developed by man in proportion as his needs and de- 
sires have exceeded what nature unaided supplied, 

PLANTS. 

The origin of most of our staple cultivated plants is now believed 
to be fairly well known <* and is in most cases of great antiquity. 
The wild races from which they were selected have in most cases 
been discovered, aggregating altogether approximately 300 species 
divided among a considerable number of genera. The list does not 
include quite a number of American wild fruits and grasses which 
have come into cultivaticm within recent years. Practically all of the 
older cultivated species, however, have been widely scattered over 
the earth, and have become broken up into a very great number of 
mutations or variations, some of them sufficiently marked to almost 
make them new species, if not genera. These selected and cultivated 
mutations have been handed on from generation to generation, under- 
going constant selection and modification as the result of it, until now 
the number of forms or varieties is very great and represents adjust- 
ments to a great variety of climates, soils, cultural methods, uses, and 
other natural and artificial factors of environment where men have 
lived. 

While the specific relationship of a crop plant is of great impor- 
tance as indicating its possible range of adaptation, these modinca- 
tions and adjustments to particular conditions are of far greater agro- 
nomic value. These modifications, while not usually considered by 
botanists as anything more than " place effects " and artificial produc- 

« See general table of species, with their orijrin and the eiK>ch of their earliest 
cultivation: taken from Origin of Cultivated I'Uints, by De Candolle, vik 436- 
462, inclusive. 
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tions, varieties or strains, are, nevertheless, of the greatest importance 
to man, as thev enable him to live in places often otherwise miin- 
habitable and rumish material for food and clothing far superior to 
that obtainable from wild unimproved species. The only object in 
the life of the wild plant is to grow and reproduce itself, and no 
energy is lost beyond that necessary to insure this end. When the 
plant is brought under cultivation, the object is to increase some part 
of it in quantity or quality, or both, to meet some special need, and 
this is accomplished within certain limits in proportion to the dura- 
tion, degree, and intelligence of the selective effort. The most valuable 
varieties of any crop plant for a locality are those which, as a result 
of long culture and selection in that locality, have adjusted them- 
selves to the environment without losing their valuable qualities. 
In the case of cultivated plants, this adjustment is brought about in 
part by natural selection and partly by artificial selection. In the 
wild state, through countless generations of variation and natural 
selection and survival of the fittest, species and their varieties have 
become adjusted to the conditions under which they had to grow, the 
principal determining factors of growth being moisture and tempera- 
ture range or fluctuation of the air and soil, the composition* of the 
soil, disease and insect pests, competition with other species, etc. The 
power which the plant possesses to adjust itself to these conditions is 
a matter of the greatest importance, and the range within which a 
species or variety has the power of adjustment is limited. Crops, 
tnerefore, often differ in their relation to each of these factors and 
their combinations. Each species or variety is adapted to a certain 
combination and range of these conditions and reaches its best devel- 
opment only where the particular conditions to which the varietjr is 
adjusted are naturally or artificially supplied. When any condition 
varies beyond the limits of this adjustment the crop suffers in some 
particular correspondingly, and that condition becomes a limiting 
condition to that particular variety or strain. 

These physiological adjustmente have not been carefully studied 
and measured for most of our crop plants and are generally recog- 
nized only in their broader relations. No one would attempt the 
commercial culture of cotton in South Dakota, but manv growers 
buy their cotton seed from southern Texas or Louisiana for culture 
in northern Texas or Oklahoma, with the result that the long-season 
adjustment of the southern seed does not fit the shorter season farther 
north and much of the crop is destroyed by early frosts. Cotton or 
com adjusted to the poorer uplands in Texas will go largely to stalk 
if planted on the richer, moister river bottoms. On the other hand, 
varieties adjusted to give a balanced growth on the bottom lands fail 
to give good results on the poorer and drier uplands. In very dry 
ve^rs, however, the upland varieties may do better on the bottom 
lands than the bottom-land varieties, and in very wet years the 
bottom-land varieties may succeed better on the uplands than the 
upland varieties. 

As a crop approaches its limits with regard to any factor, the in- 
fluence of the other factors, which tend to intensify or compensate 
the reaction to the limiting factor, becomes increasingly important. 
A variety of corn which can barely mature in the crop season of 
North Dakota and Minnesota is made more certain if planted on 
warm, well-drained soil and given very thorough culture:^ If the 
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soil is heavy and cold or poorly drained, or the crop is planted late 
or poorly cultivated, it may suffer from early frosts. Farther south, 
witn a longer growing season, so far as the temperature limiting con- 
dition is concerned, the crop might do better on heavier, moister soil. 

In nature related species often live under quite different conditions, 
certain species being adapted to different ranges and combinations of 
limiting factors, such as heat, moisture, drought, etc It is often 
possible, therefore, by hybridization to produce species having inter- 
mediate characters or combining certain characters belon^n^ to one 
species with certain characters belonging to another species in order 
to secure a variety adapted to conditions and uses to which neither 
of the species separately is adapted. When man began to select and 
cultivate wild species for his use, he, of course, started where he 
found the species growing wild, and had therefore a mixture of 
varieties corresponding to the wild forms. His first desire was to 
obtain a larger yield of fruit, seed, stem, leaves, or root, and he se^ 
lected those individuals for seed which gave him the most in retuni 
for the care he could give them. They thus retained their natural 
vigor and resistance to limiting factors in their environment along 
with their specially selected characters. This is well illustrated in 
the strains of Indian corn as cultivated by the Indians at the time 
America was discovered and as grown by them still in Mexico and in 
Central and South America. It is also true of the cottons ffrown in 
the same countries. These aboriginal types still retain a wide power 
of variation, adaptation, and resistance to limiting conditions or their 
environment, especially where they have been cultivated for long 
periods exposed to those conditions. According to Cook,** many ot 
these Indian tribes of Central America " are peaceable and sedentary, 
with highly developed agricultural instincts, which attach them 
closely to the land their fathers cultivated, and there is no reason to 
suppose that any very different condition existed in earlier times." 
It is thus evident that these aboriginal cottons and corns have l)een 
cultivated for long periods practically under the same conditions of 
seminatural selection. The characteristics and value of these varie- 
ties will be discussed later. The corns and cottons now in cultivation 
in the United States are selections and adaptations of some of these 
varieties, originallv brought into the country by the Indians. Thev 
still retain a wonderful degree of adaptability and variation, which 
can be controlled in a very large measure by intelligent and long- 
continued selection. 

In the Old World the same phenomenon is exhibited in the case of 
crops grown by the great masses of poor people, who have been 
obliged to live for long periods of time under conditions often ex- 
tremely unfavorable and whose main object in life was to produce 
enough food to pay tribute with and to feed their families. Genera- 
tion after generation lived under the same conditions, carefully saving 
every straw and seed. When some great drought or blight destroyed 
most of their crop the few remaining plants were not neglected and 
destroved. but were carefuUv savea for seed, as it was often not 
possible tor these poor people to obtain an outside supply. Thus, 
as a result of centuries of such selection and survival of the fittest, we 



« Cot ton Culture in (Juatenmla, by O. F. Cook. VearlMK)k, U. S. LN»pt, of Agr^ 
1904, and Bureau of Plant Industry Bull. No. 88. 
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find these poor people possess varieties extremely resistant to the 
severe limiting conditions under which they were loroed by necessity 
to live. A frequent change of seed, of location, or of economic con- 
ditions that would have permitted less careful saving of seed would 
have lost to the world these valuable products of unconscious natural 
selection. 

As civilization advances and economic conditions improve men 
often become more careless in the matter of seed selection. If cold 
or drought or disease causes a failure of the crop, the few straggling 
plants remaining are destroyed and seed for the next crop is secured 
m the market^ with no knowledge of the conditions under which it 
was grown. It is, therefore, usually a mixture of seed from different 
sources, having been grown under conditions sufficiently different so 
that in a new locality the plants must go through a process of varia- 
tion and adjustment before they will give satisftictory returns, but as 
a result of the same careless methods the plants never get a chance to 
become adjusted to the new conditions. The process of adjustment 
is mistaken for deterioration or so-called " running out," which in 
reality is the case where intelligent selection is not practiced. These 
careless methods have characterized the agriculture of the United 
States up to very recent times. The greater number of our farmers 
have given little or no attention to sources of seed or to intelligent 
seed selection. The rule is to sell the best and plant the culls, which, 
of course, is selection in the direction of deterioration. As a result 
of this, complaint is constantly being heard of varieties running out.« 
Many seedsmen have also been guilty of the same careless methods 
in buying and selling seeds of the great staple forage and cereal crops. 
Experimenters have also in most cases overlooked these fundamental 
facts of acclimatization and adjustment in the introduction and test- 
ing of new crops, and many a valuable plant resource has been pro- 
nounced worthless because it has not been adjusted to the particular 
conditions under which it was being tested. These adjustments are 
often physiological and may not change the general appearance or 
structure of the variety, but are apparent only in its response to the 
conditions of environment and culture. It is easy, therefore, to sub- 
stitute such varieties for each other or to overlook them entirely, 
whereas, with a little careful observation, some of the mutations re- 
sulting from the attempt of the plant to aajust itself to its new condi- 
tions might prove to he well adapted to the new conditions and pro- 
duce profitable crops if carefully selected. 

As the demands made on the farmer are more exacting and he 
is rewarded in appreciation and money return for greater care, he 
rises to the situation. As the agriculture of the country settles down 
to more definite lines and to a more stable condition, these careless 
methods will disappear, and in fact have been rapidly disappearing 
in the past twenty years. This has been most apparent in the selec- 
tion and improvement of flowers, fruits, and vegetables grown for 
our best markets. The development of fine varieties, and the care 
with which they are grown and marketed, has reached a point of the 

•While failure to properly select Is the cause of the real deterioration of 
varieties, the disappearance of old forms Is also due to the development of bet- 
ter varieties, the old forms, therefore, being neglected in favor of the better 
strains. This is also responsible in part for the idea of the running out of 
varieties.. 
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highest excellence in this country, owing to the appreciation of excel- 
lence and the high price which our cities are willing to pay for it. 
In the region of our great markets, like St. Louis, Chicago, Philadel- 
phia, and New York, and the trucking lands tributary to them, the 
investment in the production of such crops and the annual returns 
aggregate several hundred million dollars. There have been also, 
since tne earliest settlement of the country, here and there individuals 
who have taken an interest in the selection and improvement of our 
staple crops — corn, wheat, cotton, oats, rye, barley, etc. — and many 
new and improved varieties have been introduced, and have given 
good results when grown under conditions to which they were 
adapted. These plant resources are the foundation of our agricul- 
ture, and are of more value to us than any other natural asset. 

It will now be desirable to briefly review our principal plant 
resources. 

INDIAN GOBN. 

Indian corn is the most widely cultivated and the principal crop 
plant of the United States. It is a native of tropical America, where 
a large number of varieties exist, many of which were adapted to 
conditions (including extremes of moisture, drought, and high alti- 
tude) under which the varieties now planted in the United States 
do not thrive. It is believed that some of these strains will be valu- 
able, either on their own account or for hybridizing purposes with 
the strains we now have, in order to better adjust them to conditions 
where corn culture is now uncertain. 

Prolonged production of pollen, — One important adaptation of 
these drought-resisting types of corn is the greater length of time 
during which pollen is produced. Although the tassels are much 
smaller than in our United States varieties, the same tassels continue 
to yield pollen for a period of several weeks, whereas our varieties 
may supply pollen for only as many days in dry localities or dry 
seasons. This character furnishes a protection against the loss of 
a crop through the occurrence of extremely dry, hot weather at the 
time of flowering, and may have much practical importance in the 
region to the south and west of our present corn belt, where the 

growing of our American varieties is prevented by dry climate and 
ot winds. In fact, the destruction of the pollen by drought and 
hot winds has been the cause of greatly decreased yields in the center 
of our corn belt, in Illinois, Iowa, Missouri, Kansas, and Nebraska. 
If greater drought-resisting qualities could be bred into some of our 
high-yielding strains of dent corns it would be of immense value, 
and there is no doubt that this can be accomplished. A study of the 
fluctuations in yield in the great corn States of the Ohio Valley, 
upper Mississippi and Missouri valleys, and the Great Plains shows 
that drought and hot winds are the principal limiting conditions to 
corn culture, and are often prolific causes of reduced yield. As will 
be seen by examining the table of annual yields, the great reductions 
in yield have been m years of severe drought during the growing 
season, and in those States or parts of States where the drought was 
most severe the yields have, ot course, been lowest. (See article on 
this subject by the present writer, p. 227.) 

In western Nebraska, Kansas, and the Dakotas the annual rainfall 
is usually not much greater than actually required for the production 
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of average crop yields, and is the principal limiting factor of crop 
production in that region. The evaporation in the southern part 
of this area as compared with the northern part is nearly double, 
so that with the same rainfall the amount of available moisture for 
a crop will be much less in the southern than in the northern part of 
the Great Plains. With the same rainfall, therefore, we find the 
crop yields in the south of this area much less than in the north, 
owm^ to the fact that more of the water that falls remains in the 
soil in the north. The difference between the moisture-holding 
capacity of soils and the cultural methods adapted to conserve mois- 
ture is also brought out clearly in this western region in dry years. 
Where the soil has been prepared in the fall so as to absorb winter 
rainfall or melting snow, and cultivation methods have been adopted 
so as to conserve this water in the soil for the use of crops, good yields 
are often secured with very small summer rainfall, or, in some cases, 
even none at all. The dinerent preparation of the soil and cultural 
methods are often apparent on farms side by side — one farmer 
raising a good crop on soils where the moisture has been conserved, 
and his neighbor, who has not followed proper cultural methods, 
having a total failure. The difference between varieties of plants 
adapted to growth under dry conditions and those adapted to moist 
conditions is also here clearly demonstrated. 

While the effect of drought on yield is most marked as we approach 
the limits of available moisture, it is also considerable in the regions 
of normally heavier rainfall. Under careful experimental conditions 
at the Illinois Experiment Station, the average yield of 18 varieties 
was 29.4 bushels in 1887, 83.2 bushels in 1888, and 66 bushels in 1889. 
Meteorological conditions appear to have been largely, if not solely, 
the cause of these differences in yield.* The average yield for Cham- 
paign County, in which the experiment station is located, in 1887 
was 20 bushels; in 1888, 42 bushels; in 1889, 36 bushels. The differ- 
ence between these average yields in the county and at the station 
may be fairly considered to represent the difference between the 
best standard culture and the average culture, while the fluctuation 
between years shows the effect of season, 1887 being a drought year. 

Similar fluctuations occurred during the drought of 1894. The 
average for the northern division of Illinois was 31 bushels, the low- 
est yield being 16 bushels in Lake County. The average for the cen- 
tral division was 36 bushels, the lowest being 10 bushels in Coles 
County, and the highest 50 bushels in Calhoun. The average for the 
southern division was 18 bushels, with a minimum of 3 bushels in 
Bond County and a maximum of 28 in Madison County. 

The soils of northern and central Illinois are much better adapted 
to absorb and retain moisture than those of the southern part or the 
State, and the relative evaporation follows the same law as indicated 
farther west, so that a stuay of crop yields, even with the same rain- 
fall, in the northern and southern parts of the State shows less 
effect of drought in the north and greater effect in the south under 
otherwise the same conditions, the effect, of course, being intensified 
where the soil is favorable or unfavorable to moisture absorption and 
retention, and increases in yield also being secured in dry years by 
those cultural methods which tend to conserve moisture. 

• ■ " 

•See Abbe, Climate and Crops, p. 334. 
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In the Southern and Southeastern States, in the cotton belt, where 
yields are very low as a rule, the moisture factor also plays a con- 
siderable role. Although the rainfall is much higher than in the 
northern belt, it evaporates quicker, and the soils as a rule are less 
retentive of moisture, being in most localities depleted in humus. 
According to A. J. Henry ,« " the smallest amount of rainfall that 
may be expected in the great com and wheat regions of the central 
valleys does not vary greatly from 9 to 10 inches (from April 1 to 
September 30). In the South Atlantic and Gulf States the fall in 
the year of least rain ranges from a maximum of 20 inchas in central 
and northern Florida to less than 15 inches in the Mississippi Val- 
ley and a considerable fringe of country to the westward. The 
amount of rain that falls in the year of severe drought in the greater 
part of the Southeastern States is sufficient for the growth and 
maturity of staple crops, if properly distributed. Success in agri- 
cultural pursuits, so far as conditioned upon the rainfall, should 
therefore be more easily achieved in the Southeastern States than 
elsewhere, particularly m regions of precarious rainfall." The shal- 
low spring plowing characteristic of the cotton States is not adapted, 
however, to conserve the water that falls, so that there is seldom a 
year in which crops do not suffer more or less from drought. The 
general character of the rainfall of the Southeast is conducive to the 
development of rather soft growth, evaporating water with consider- 
able rapidity, so that any lack of moisture at the roots is much more 
evident and injurious than would be the case where the air is drier 
normally.- Experiments conducted through the southern area by the 
Department or Agriculture and the state experiment stations have 
shown conclusively that deep plowing, the use of barnyard manures 
and legumes or other green crops to increase the decaving organic 
matter and humus of the soil, with shallow summer cultivation, are 
alone sufficient to raise the average yield of com in these States to the 
average of the best com States. 

American strains of com. — From whatever types in Central America 
or South America our varieties of com now in cultivation may have 
come, we now have in our great central corn belt numerous strains 
or adaptations of the greatest value. Some of these have become 
fairly well known, but there are many others which have been grown 
in certain localities for many years which simply require a little 
careful selection to bring out their highest yielding capabilities. 
The corns that we now have fall into six generallv recognized groups, 
as follows : Pop corns, flint corns, dent corns, soft corns, sweet corns, 
and starchy sweet corns. All of thase have their valuable features 
and uses. The flints and pop corns are generally considered to be 
cool-region corns, having oeen grown successfully as far nortn as 
Quebec. The flint corns were first introduced and cultivated in 
the North Atlantic region by the Indians, and has remained to 
the present time the principal type cultivated in New England. 
These northern flint strains nave thus become adapted to the short 
seasons of the North. Similar flint varieties, however, were also 
grown by the Indians in the central and southern localities, in the 

^A. J. Henry, Rainfall of the crop season, Yearbook, U. S. Dept. Agr., 1897» 
p. 617. 

See also Relation of precipitation to yields of corn, Yearbook, U. S. Dept. Agr., 
1903, pp. 215-224. 
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Gulf region, and Central and South America, the southern forms 
having a longer growing season. The flint varieties are lower 
yielders and less desirable in other characters than the dents. 

The dent varieties are generally considered to be longer season sorts 
and have been cultivated generally south of New York, Minnesota, 
and the Dakotas. On account of their better quality and higher 
yielding power, they have been gradually pushed north into Minne- 
sota, Wisconsin, and the Dakotas, and as a result of careful selection 
high-yielding strains maturing in ninety to one hundred days have 
been secured. One ninety-day type, bred by the Department of Agri- 
culture in Wisconsin and Minnesota, has yielded as high as 90 to 100 
bushels of shelled corn per acre in field tests. A strain developed in 
Connecticut from Illinois seed of Reid's Yellow Dent has been 
selected at Hockanum, Conn., since 1905. Very few ears matured in 
1905. These were saved and planted in 1906 and practically all the 
crop matured, yielding 121 bushels of mature shelled com per acre — 
more than double the yield of flint com grown under exactly the same 
conditions. It is evident, therefore, that high-yielding, quick-matur- 
ing dent corns can be developed by careful selection for the colder 
Northern States. 

A similar high-yielding strain of white dent was developed by a 
farmer near Gainesville, Ga., by planting together four varieties of 
dent and allowing them to cross. A strain was selected showing evi- 
dence of being a cross, which after a few years' selection under the 
(jeorgia conditions has proved to be one of the finest dent strains yet 
developed, yielding from 75 to 100 bushels of shelled corn per acre 
in field tests, some of the ears weighing over 2 pounds. This is 
more than double the yield of the unselected dent varieties of the 
same region grown under the same conditions, and from seven to ten 
times the average yield of the State. 

A number of important selections have been made from time to 
time which have had an important influence on com culture, especially 
in the upper Missisippi and Missouri valleys. Among these may be 
mentioned the following: Leaming, a deep yellow dent, selected by 
J. S. Leaming, Wilmington, Ohio, in 1826; Reid's Yellow Dent, 
selected by J. L. Reid, Delavan, 111., in 1846 ; Golden Eagle, a vellow 
dent, selected by H. B. Perry, Toulon, 111., in 1871; Boone County 
White, selected by James Riley, Thornton, Ind., in 1876; Riley's 
Favorite, a white dent, introduced by James Riley in 1885 ; Pride of 
the North, a white d^nt, introduced by F. A. Warner, Sibley, 111., 
1890. These were principally selections of good individuals of the 
various types in common cultivation in the region, some of them 
probably resulting from crosses of difl*erent strains. Com being 
pollinated by wind-borne pollen, the varieties, of course, often cross, 
which causes considerable variation and increased vigor. By select- 
ing the best individuals and growing them by themselves for several 
generations fairly pure types can be developed of much greater pro- 
ducing power than the average. Every strain, however, must be de- 
veloped under the same conditions in which it is to be grown in order 
to get the greatest retums from it. This adjustment readily takes 
place as a result of a few years of intelli^nt selection. 

Investigations and demonstrations carried out in all sections of the 
United States by the Department of Agriculture and the state ex- 
periment stations have shown beyond a doubt that the pr^i$ent aver- 
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age yield of corn per acre could be doubled, with practically no 
increase in work or expense, by giving careful attention to seed selec- 
tion and vitality and cultural methods. In our principal corn- 
growing States com is planted 3^ feet apart each way, making 3,556 
hills per acre. Three stalks to a hill is considered a perfect stand, 
and with good, vigorous seed it is not difficult to secure on an average 
three good healthj stalks. If one in three of these stalks produces a 
small 6-inch or 7-inch ear weighing only a little over 9 ounces, the yield 
would be 28.8 bushels to the acre. This is the highest average yield 
for the United States, and occurred in 1905. This, of course, is an 
exceedingly small amount of grain to secure from three stalks. The 
average yield for the past forty years has been 25.2 bushels. New 
Hampshire and Vermont have averaged 35 bushels, fluctuating from 
21 bushels in years of drought to 45 bushels in the most favorable 
seasons, and have shown a gradual increase from 1867 to date. The 
yields for Ohio, Indiana, Illinois, Michigan, Wisconsin, Minnesota, 
and Iowa have averaged from 31 to 33 bushels for the entire forty 
years, fluctuating from about 20 bushels in the driest years to about 
40 bushels in the best years. Missouri, Nebraska, Kansas, Kentucky, 
and Tennessee follow slightly below the States just mentioned, the 
fluctuations, however, being greater in those States more subject to 
drought, falling as low as 7 to 10 bushels in Kansas and Nebraska 
and running as hi^h as 42 to 43 in the same States. The lowest 
average yields are in the Southern States: Virginia, 19.2 bushels, 
fluctuating from as low as 13 bushels in dry years to as high as 25 
in good years; North Carolina, falling as low as 9 bushels in dry 
years and running up to 16 bushels in favorable years; South Caro- 
lina, falling as low as 6.9 bushels in dry years and running up to 12 
bushels in good years; and similar low yields in Georgia, Florida, 
Alabama, Mississippi, and Louisiana; Texas and Arkansas being a 
little higher. 

The most careful selection of seed has been practiced in Illinois, 
Indiana, Nebraska, and Kansas, but even in these States the work has 
not continued long enough to be definitely brought out in general 
statistical data, but the difference is easily ascertainable in comparing 
individual growers who use selected seed and good methods wit£ 
those under the same conditions using ordinary seed and ordinary 
methods. Good growers who carefully select their seed often obtain 
a yield of 80 to 100 bushels of shelled corn per acre. It is easy to 
produce strains that will average three or even four 9-ounoe ears per 
hill of three stalks, but these are very small ears, and strains are very 
easily developed which produce ears averaging a pound, some of the 
ears running up to 1^ or 2 pounds. This average is frequently 
reached and exceeded under identically the same conditions of soil, 
climate, and culture that with ordinary strains give 40 to 50 bushels 
or less per acre. With careful attention to seed selection and testing,* 
still greater average production for the United States could oe 
reached with little additional cost and greatly increased profits even 
at present prices. 

It is not argued, however, that it is desirable to make any such 
increase in the total production as this would imply, as the present 
production is about equal to the demand. An excess over ready 
demand has a tendency to reduce prices, which is followed by re- 

« See Farmers' Bulletins Nos. 81, 199, 229, and 253. U. S. IMpt. Agr. 
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duced acreage the next season, with a gradual rise in price, followed 
by increased acreage again. This fluctuation is sliown by the tables 
on yield and prices of corn in the 1907 Yearbook of the Department 
of Agriculture.* However, if one acre could be made to produce as 
much as two do now, the other acre could be devoted to some other 
paying crop. Just as much com would then be produced as at present, 
with the cost of production p)er bushel greatly reduced, and the 
prc^ts, therefore, at present prices greatly increased. It costs little 
more to plow, harrow, plant, and cultivate an acre for a 100-bushel 
crop than it does for 40 bushels, and the land tax and rent are the 
same. These are the heavy fixed charges. Accurate data on the cost 
of production of farm crops are scarce. The most carefully secured 
information is to be found in Bulletin 48 of the Bureau of Statistics, 
U. S. Department of Agriculture, and Bulletins 97 and 109 of tlie 
University of Minnesota Agricultural Experiment Station. The 
following tables are taken from Bulletin 97 of the Minnesota Ex- 
periment Station : 

Cost of producing com — ears husked from the standing stalks. 



operation. 



Manuring 

Seed value 

ShelUngseed 

Plowing 

Dragging 

PUntlng (hone planter)., 

CoIUvating 

Weeding 

Husking on hill 

Machinery cost 

Land rental 



Total. 



Northfleld (Rice County). 



Total 
acreage 

(three 
years). 



602.08 
009.35 
411.07 

605. ay 

791.75 
670.83 
776.34 



331.32 



Total 
cost. 



I86&06 
10a68 
9.57 
73a 28 
380.37 
15a 72 

1.256.61 



1,164.77 



Cost per 
acre. 



to. 676 
.218 
.023 

1.205 
.480 
.225 

1.619 



3.516 

.413 

3.500 



11.770 



Marshall (Lyon (bounty). 



Total 
acreage 

(three 
years). 



775.41 
776.71 
467.37 
579.78 
681.97 
711.08 
701.16 
133.04 
169.21 



Total 
cost. 



$1,140.48 
12&36 

13.06 
602.50 
305.12 
180.27 
934.71 

14.57 
440.00 



C^ostper 
acre. 



ia588 
.165 
.028 

L039 
.447 
.254 

L333 
.110 

2.601 
.391 

3.000 



9.956 



Cost of producing com — cut, shocked, and shredded. 






Northfleld (Rice County). 


Operation. 


Total 
acreage 

(three 
years). 


Total 
cost. 


Cost per 
acre. 


Manuring 


602.68 
609.35 
411.07 
605.89 
791. 75 
670.83 
776.34 
294.10 
270.28 
248.20 
139.23 
13&18 


1868.08 
108.68 
9.57 
730.28 
38a 37 
16a 72 

1,256.61 
105.05 
142.24 
115.84 
34.60 
624.23 


10.576 


Seed \alue 


.213 


«>*1^*ng 900(\ , 


.023 




1.205 


T>r«gping . - - 


.480 


y\mntinr rhorse nianler) 


.225 


Cultivating 


1.619 


Cuttins (com binder) 


.666 


RYM^krns *M»<? ty*ng - r 


.526 


IVfne . . , , _ - - 


.467 


Pf^lrf nir np mrs r 


.249 


fihrwldtnff . . . . 


8.794 


Ma<*hin«ry r^t. 


1.202 


Ii«nd nniel ... ' 




3.500 










Total 






14. 745 


1 







« ** Statistlca of com,' 



Yearbook, U. S. Dept. Agr., 1907. ^ j 
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Cost of producing corn — cut, allocked, and hauled in from the field. 





Marshall (Lyon County). 


OperatioiL 


Total 
acreage 

(three 
years). 


Total 
cost. 


Cost par 
acre. 


ICanurliig 


775.41 
776.71 
467.37 
579.78 
68L97 
711.08 
701.16 
194.09 
172.69 
21&90 


11,140.48 
128.36 

iao6 

602.50 
305.12 
180.27 
934-71 
128.22 
58.35 
80.18 


10.588 


Seod value 


.165 


SlieUIng seed 


.028 


Plowing 


1.030 


Dragging 


.447 


Planting (horse plaulor) 


.254 


Cnltivaflng 


1.333 


Cutting (own binder) 


.661 


Shocking and tying. 


.338 


Twine 


.366 


Hauling in 


L640 


Machinerv cost . 






1.161 


Land rental . 






3.000 










Total 






11.020 











These figures were based on 40 to 45 bushel yields in 1902, 1903, and 
1904. There is not a great deal of difference in the tonnage of stalks 
between the 40-busher crop and the 100-bushel crop, the difference 
being principally in the number and size of the ears. If the stalks 
are lert on the ground, or if they are fed to stock and the manure 
returned to the ground, the only difference in fertilizer removal will 
be in the nitrogen, phosphoric acid, and potash in the grain. If the 
com is fed and the manure returned to the ground, the loss of fertility 
would be a negligible quantity. The only other increased cost in 
caring for a large yield as compared with a small yield is in the case 
of hand husking and hauling of the product, a method now less fol- 
lowed than formerly, but one which the experiments above referred 
to indicate is more profitable than the cutting, binding, and shredding. 
It would not cost as much, however, to husk 100 bushels from 1 acre 
as from 2 acres, and it would not cost twice as much to husk 100 
bushels frcMn 1 acre as to husk 50 bushels from 1 acre, especially if 
the increased yield was due in part to larger-sized ears. If the har- 
vesting is done by machinery, there would be practically no additional 
cost in harvesting a 100-bushel croj) as compared with a 50-bushel 
crop.- It is evident, therefore, that it would be highly profitable to 
reduce acreage and increase yield, and that the price could even be 
considerably reduced and a good profit made. As better and more 
careful methods of seed selection and culture come into vogue, it is 
possible that with the higher yields per acre thus secured the price of 
corn may fall considerably and still a larger profit might result in 
much the same way as the increase in the efficiency of labor-saving 
machinery.*^ 

All of the investigations conducted by the Department of Agri- 
culture and by the state experiment stations show clearly that where 
corn is continually cultivated on the same land the yield per acre is 
greatly reduced. Continued cultivation is especially destructive of 

« See 13th Rei>opt of Com miss loner of I^bor, vol. 2, " Hand and machine 
labor; " also Yearbook, U. S. Dept. Agr.. 1897, pp. 600-003. 
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humus and reduces the immediately available plant-food elements — 
nitro^n, phosphoric acid, and potash. The decaying organic matter 
resulting m the. humus sets free in the soil the other elements of plant 
food from the only slightly soluble soil particles. It is, therefore, 
exceedingly important to maintain a sufficient amount of decaying 
organic matter in the soil to insure its best physical condition and 
the ready supply of plant food through its direct action.* As stated 
above, the first appreciable eflFect of this constant cropping is the 
lowering of the humus content of the soil, thus decreasing the nitro- 
gen, ana especially decreasing the power of the soil to absorb water 
and air. This brings about shallower rooting of the com and makes 
it less resistant to fluctuations in moisture. The soil dries out more 
easily and during rains becomes too wet, excluding the. air, bakes 
easily, and is more difficult to keep in tilth. The bacterial life of the 
soil is thus greatly reduced, resulting in the slower and imperfect 
decay of or^nic matter and the formation of nitrates, and a conse- 
quent reduction of the solution through bacterial and root action of 
tne other elements of plant food in the soil. The earthworm fauna, 
which is so necessary to the proper development of humus and soil 
aeration, is also greatly reduced through the same causes, thus in- 
tensifying the unfavorable conditions. As these changes progress 
the bacterial and animal life changes and species become predominant 
that are unfavorable to the crops. The nitrifying and ammonifying 
bacteria become less active or are altogether suppressed, while the 
denitrifying and nitrite- forming species develop. The latter are well 
known to be injurious to plant roots. The earthworms die out and 
soon the life of the soil is gone. It becomes pasty and dead. Fimgi 
often injurious to crops develop rapidly under these conditions, as 
in the case of the root-rot of Texas, which destroys several million 
acres of cotton each year. Crops growing in these pasty black adobe 
soils can not get enough air for the deeper roots, which, thus weakened, 
are attacked by the fungi present. Deep fall plowing, with a liberal 
use of barnyard and green manures, partially corrects the trouble 
and enables the plant to better resist the disease, but most of these 
soils, after they once get into this condition, also need, in addition to 
the cultural methods suggested, reinoculating with the natural flora 
and fauna of good fertile soils where active decay of organic matter 
by the right bacteria is taking place. These majr be partly provided 
through manure, but it is often necessary to use either soil or cultures 
of the right forms.* 

Constant cropping without rotation, even where there is no serious 
deterioration of the soil, may also cause the accumulation of insect, 
animal, and fungous pests or various kinds until it becomes impossi- 
ble to grow the crop at all on such infected areas. The accumula- 
tions of nematodes and root insects are about the only injurious forms 
in the case of corn, but in the case of other crops, as will be discussed 
later, numerous other disease organisms cause serious trouble, as in 
the case of the cotton wilts, flax wilt, etc. 

•See Bui. 100, Minn. Agr. Exp. Sta.; Bui. 123, 111. Agr. Exp Sta.; Farmers' 
Bols, 81 and 190. U. S. Dept. Agr.; and Soils, by Hilgard. 

^ See The present status of the nitrogen problem, Yearbook, U. S. Dept. Agr., 
1906. 
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WHEAT. 

The most careful investigations have indicated that wheat prob- 
ably originated somewhere in the region of the Euphrates in ex- 
tremely ancient times. From this region it gradually spread in all 
directions and is occasionally found in some of its various varieties 
in the earliest prehistoric remains of nearlv all European, Asiatic, 
and North African countries. Its great value as food and the ease 
with which it can be carried from place to place, the facilitv with 
which it adjusts itself to changing conditions, have all resulted in 
the development of an immense number of varieties and strains. 
Even in the earliest prehistoric remains representatives of several 
distinct strains arc found, indicating a very ancient culture. 

For purposes of classification and description, eight fairly distinct 
groups, corresponding to eight botanical species, are recognized: 

(1) Common bread wheat, I'riticum vulgare, 

(2) Club or square head, T. coTnpactum. 

(3) Poulard, T. turgidum. 

(4) Durum, T, durum, 

(5) Polish wheat, T. polonicum, 

(6) Spelt, T. spelta. 

(7) Emmer, T. dlcoccum. 

(8) Einkorn, T. monococcum. 

While these large groups are generally considered as species, it 
must be understood that they probably originated from possibly one 
or two very closely related natural species, and the modifications re- 
sulting in the present rather distinct groups have been the result of 
long-continued culture and selection under different conditions. 
However, on account of the exceedinirly long period of culture in- 
volved, the groups have become as well fixed as natural species. 

As a food plant, wheat is even more important than Indian com, 
and the demand for it is greater than that of any other cultivated 
crop. Many statistical studies have been made showing the relation 
between supply and consumption and the possible world production. 
It is evident that, with the increasing population of the wheat-using 
world under the conditions of modern life, there is some danger or 
the production falling below the demands for consumption. This 
matter has been discussed in great detail by Crookes.® In most of 
these studies, however, several important considerations have not 
been ^iven due weight. The most important of these is the improve- 
ment in yield through the use of varieties carefully selected for high- 
yielding power for each locality where the crop is to be grown. This 
is particularly applicable to the wheat culture of the New World 
and Australia, where wheat is a more recent introduction and whore 
in many cases it has not become fully acclimatized. 

The second important factor is in the improvement of cultural 
methods, which is applicable throughout the world. 

In 1899 Crookes ^ wrote: "The present acreage devoted to the 
world's growth of wheat is about 163,000.000 acres. At the average 
of 12.7 bushels per acre this give.s 2,070,000.000 bushels. But thirtv 
years hence the demand will be 3,2()0,000,000 bushels, and there will 
be difficulty in finding the necessary acreage on which to grow the 

<» See The Wheat Problem, by Sir WiUlam Crookes. 1900. 
^Loc. clt, p. 40. f-^ T 
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additional amount required. By increasing the present yield per 
acre from 12.7 to 20 bushels we should, with our present acreage, 
secure a crop of the requisite amount." It is interesting to note, 
however, that' for 1902 the production for the world reached 3,124,- 
422,000 bushels, the largest crop ever produced. This falls only 
a little short of Crookes^ estimate of the requirements by the year 
1930, and the total production of the world has not fallen below this 
point to date, being 3,189,813,000 in 1903, 3,162,127,000 bushels in 
1001, 3,320,959,000 in 1905, 3,435,401,000 in 1906, and 3,108,526,000 
in 1907. This increase is due in part to increased acreage and in 
part, though very slightly, to increased production per acre by the 
use of better methods. The following table « gives Crookes's esti- 
mates, based on the assumption that the population unit consumption 
and steady development would increase during the forty-three years 
beginning with 1899 as they had increased since 1871 up to the date 
of nis forecast : 



Date. 


Broad eaten. 


Food and 
seed re- 
quired per 

unit 
(bushels). 


Requiring 

bushels of 

wheat. 


With yields 
averaging 

12.7 bushels, 
acreage re- 
quired. 


ign 


100 
100 
100 
100 
100 
100 
100 
100 

wo 


4.15 
4.38 
4.50 
4.50 
4,50 
4.50 
4.50 
4.50 
4.50 


1, 00 

1, 00 

2, 00 
2, 00 
2, 00 

2, 00 

3, OO 
3, 100 
3, 100 


121,000,000 
143,000,000 
167,000,000 
183,000,000 
190,000,000 
214,000,000 
239,000,000 
264,000,000 
290,000,000 


1881 


1891 


1808 


1901 

1911 


1921 


1931 


1941 





According to these figures the requirement in the year 1941 will 
be only 3,686,000,000 bushels, necessitating an acreage of 290,000.000 
with an average yield of 12.7 bushels per acre, and feeding 
819,200,000 bread eaters. Of course, these figures might be consider- 
ably modified at the present time, but they are perhaps as accurate 
forecasts as could be made of future requirements were the estimiUes 
to be projected beyond the present date as these were beyond the date 
on which they were figured. 

The difficulty in all these figures is that there are immense areas in 
various parts of the world that are not considered at all adapted to 
wheat growth which can be made available when necessity demands. 
This is well illustrated by the Great Plains area west of the one hun- 
dredth meridian. This area, which at the time Crookes's figures were 
made was not considered available for wheat production, is now yield- 
ing over 50,000,000 bushels of one variety alone of the durum group, 
and improved methods of dry-land agriculture are making it possible 
to produce the hard winter wheats in the same area, so that it is ex- 
ceedingly difficult even at the present time to estimate the potential 
wheat production of a strip of territory 300 miles wide exending 
from our northern border to the southern. On the basis of figures 
compiled by John Hyde, of the Bureau of Statistics, Department of 
Agriculture, included in full in Crookes's discussion or the wheat 
problem before referred to, the following statements are made : ^ 



•Loc. cit., p. 244. 



• Loc. cit., p. 195 et seq. 
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That the population of the United States In 1931, exclusive of colonial pos- 
sessions or dependencies, will be at least 130,000.000 Is as certain as any future 
event can be, but it is not nearly so easy a matter to forecast the agricultural 
production of that period. ♦ * ♦ What contribution, if any, will our ftirm- 
ers l>e able to make to the wheat supply of other countries when the time comes 
that provision has to be made for the varied requirements of a home popula- 
tion more than twice as large as that at the last federal census? 

Those requirements will include a wheat crop of 700,000,000 bushels, without 
a bushel for export; an oat crop of 1,250,000,000 bushels; a maize crop of 
€;,450,000,000 bushels, and a hay crop of 100,000,000 tons, all for domestic con- 
sumption ; with cotton and wool, fruits and vegetables, dairy and poultry prod- 
ucts, meat, and innumerable minor commodities in corresponding proportions. 
The area necessary to the production of the three principal cereals alone will 
be over 15 per cent greater than the enormous total acreage devoted in 18JKS 
to grain, cotton, and hay, while the mere addition of the two last-mentioned 
products and of the minor cereals will call for an acreage exceeding the total 
area of Improved land in farms at the present time. 

But what, it may be asked, is to prevent either (1) any necessary extension 
of the areas in farms, or (2) the bringing under cultivation of that large residue 
of unimproved land which amounted at the last federal census to no less than 
42.5 per cent of the total farm area? 

The great fact that underlies the enormous productive capacity of the United 
States to-day is, of course, the transfer from government ownership to individual 
proprietors, within a single generation, of a tK)dy of land hundreds of millions 
of acres in extent, and for the most part of extraordinary fertility. But, amaz- 
ing as has been the Increase in the farm area of the country during the last 
thirty years, It has not been sufficient even to keep pace with the growth of 
population. The addition of 128,300,000 acres, or 31.48 per cent, to the area in 
farms between 1870 and 1880 only increased the area per capita of population 
from 10.57 to 10.(>9 acres. By 1800 the area, notwithstanding a further addition 
of 87,100,000 acres, or 16.25 per cent, amounted to only 9.95 acres per capita, 
and the census of 1900 will almost certainly find it under 9 acres.* 

That for general agricultural purposes the public domain is practically ex- 
hausted, and that, consequently, there can be no further considerable additions 
to the farm area of the country is too well-establisbod a fact to be the subject 
of controversy. Of the entire area undisposed of, 72.7 per cent is in States 
wholly within the arid region, and all but a small part of the remainder is 
desert, mountain, or at best suitable only for grazing purposes. In Kansas, out 
of 1,061,000 acres undisposed of, only 116,000 acres are east of the one hun- 
dredth meridian, and these are described as broken and for the most part 
sandy. In Nebraska, 10,548,000 acres are still open to settlement, but not one 
acre In seven is in a region of sufficient rainfall for general agricultural pur- 
poses, and the best of the land is doscribod by the General Land Office as fit 
only for grazing. In North Dakota the vacant land amounts to 20,575,000 acres, 
but on little more than one-tenth of this area could irrigation be dispensed 
with, even if the land were otherwise adapted to general farming. In Okla- 
homa, the youngest of the Territories, and the one containing the largest addi- 
tion to the farm area of the country that has been made within many years, of 
the 7,007,000 acres of government land still vacant, 3,250,000 acres lie between 
the ninety-ninth and one hundredth meridians and a like amount, making 
altogether 93 per cent of the whole, west of the one hundredth.* The 
vacant land In the Pacific States amounts to 91,843,000 acres; but of the 42,5a3.- 
000 acres in California, 19,000,000 acres are "barren, irreclaimable wastes,'* 
19,S75,<KX) acres *' desert and grazing," and 3,628,000 acres " woodland and 
forest ;'* the 35,898,000 acres in Ore^'on include 17,0(;7,000 acres of ** desert and 
grazing," and 18,831,000 acres of "woodland and forest," while the 13,443,000 
acres In Washington comprise 3,847,000 acres of " desert and grazing," and 
9,596.000 acres of ** woodland and forest." 

It should not be forgotten In this connection that it Is no longer the policy 
of the American i)eople or of its representatives in Congress to permit the con- 

•The census for 1900 shows the per capita acreage to be a little over 11 acres. 

^As previously stated, a large proportion of this land west of the one hun- 
dredth meridian is now l)elleved to l)e available for dry- land agriculture and Is 
already contributing over 50,(MK).(KK) bushels of one variety of wheat alone to 
the supply of the T'nited States, over 20,000,000 bushels of which have gone 
Into the export trade. 
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tinued destruction of the national forests without r^ard to the needs of the 
future. It should also be borne in mind that, according to the United States 
Geological Survey, the entire water supply of the Pacific States available for 
irrigation is only sufficient for some 23,000,000 additional acres, or about 1 
acre in 4 of the unappropriated public lands in those States. In the entire arid 
region the available water supply, as similarly estimated by the United States 
Geological Survey, is only sufficient for the irrigation of 71,500,000 additional 
acres, or 1 acre in 7i of the area undisposed of. * * ♦ 

The extent to which the total farm area of the country can be increased by 
the reclamation of desert lands will therefore be seen to be very small, if not 
absolutely in^ifniificant ; indeed, it is a question whether it will be sufficient 
even to counterbalance those constant encroachments upon the productive area 
which arises from the growth of cities, the building of railroads, and the 
general development of commerce and nonagricultural industry. 

Mr. Hyde then goes on to discuss the great body of unimproved 
farm land. In the census of 1890, which he had under consideration, 
there were about 115,000,000 acres of unimproved land in the various 
farms of the different regions of the United States. The distribution 
of this land is very ununiform and the extent to which it may be 
made available is found to differ widely. In Illinois and Iowa it is 
estimated to be between 15 and 20 per cent of the total farm area ; in 
New York, New Jersey, Pennsylvania, Delaware, Ohio, Indiana, 
Kansas, and Nebraska, between 20 and 30 per cent; in Vermont. 
Connecticut, Marylana, Michigan, Missouri, North Dakota, ana 
South Dakota, between 30 and 40 per cent; in Massachusetts, Bhode 
Island, Kentucky, Wisconsin, and Minnesota, between 40 and 50 per 
cent; and in Maine, New Hampshire, Virginia, and West Virginia, 
between 50 and 60 per cent. 

Assuming [says Mr. Hyde]« that the entire region will, under the Influence 
of high prices, have 85 per cent of its total farm area brought under cultivation 
within the next thirty years, there will be added to the productive area in this 
region 60,000,000 acres, with state and railroad lands to the possible extent of 
20,000,000 acres in addition. This will fall so far short of the requirements of 
our own population that it is necessary to seek other possible additions to the 
cultivable area. 

Not for the purpose of growing wheat, but under the influence of those gen- 
erally higher prices which any considerable and long-continued increase in the 
price of wheat would bring about by reducing the acreage in other products, the 
South might conceivably add to her productive area as much as 30,000,000 acres. 
Ten million acres might be added on the Pacific coast and 3,000,000 acres in 
the arid region. This would make the gross addition 123,000,000 acres, against 
which must be set those continual withdrawals of land from agricultural uses 
which not even a high degree of agricultural prosperity would entirely prevent. 
Assuming the annual rate of diversion to be diminished by one-half, the loss 
during the next thirty years would amount to about 15,000,000 acres, making 
the net increase 108,000,000 acres. 

Xhis will constitute an enormous addition to the productive capacity of the 
farms of the country, and one, the contemplation of which, aside from the 
question of consumption, might well appal our much-discouraged farmers. Con- 
sidered, however, in the light of the requirements of a population of 130,000,000 
the figures assume an entirely different aspect. On the basis of our present 
actual consumption as a people, to the entire exclusion of our export trade, the 
country will require by the year 1931 the following additional acreage: For 
wheat, 13,500,000 acres; for maize, 66,000,000 acres; for oats, 23,700,000 acres; 
for the minor cereals, 10,000,000 acres, and for hay, 40,500,000 acres, a total of 
163,700,000 acres, without making any provision for the proportionately In- 
creased consumption of vegetables, fruits, and other products. Instead, there- 
fore, of the probably largely Increased acreage, bringing down prices, or prov- 
ing unprofitable to the farmers, there will be a deficiency of at least 50,000.000 
acres. Indeed, it will be more than this, since it can not be snpiK)setl for a 
moment that the unimproved lands left to the last are iiuythiug like equal In 

«The Wheat Problem, p. 219 et seq. 
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natural fertility to tliose first selected for cultivation. On the other side of 
the account, however, we have to place whatever increase in yield per acre 
may be brought about by improved methods of farming. But whatever agricul- 
tural science may be able to do in this direction within the next thirty years, 
up to the present time it has only succeeded in arresting that decline in the 
rate of production with which we have l>een continually threat^ied. * • • 

It must be borne in mind tliat it is only to a very small extent indeed that 
scientific methods have as yet been employed in the growing of field crops. It 
is unquestionably to the lak>oratory that we shall have to look for relief, except 
in so far as It may be afforded by the Government's undertalLing tlie construc- 
tion of storage reservoirs in the arid region that might reclaim not to exceed 
71,60(K000 acres, less whatever small area might in the meantime have been 
brought under cultivation in that region through private ^iterprise. * * * 

The cultivation of wheat at the expense of other necessary crops will, how- 
ever, be held in check by two very powerful infiuences. The first will arise 
from the f&ct that a reduction of the acreage under any product of general use 
below the actual requirements of the country will instantly — perhaps even pro- 
spectively — aflect the price of that product, possibly In a proportion even greater 
than that by which Its acreage is diminished, and may even be sufficient to 
constitute it a competitor with wheat on equal terms for the farmer's favor. 
The second check will be found in the fact that the American farmer, north, 
south, east, and west, lias at last fully awakened to the safety, stability, and, 
in the long run, increased [Hroflt resulting from a judiciously diversified system 
of farming. The one-crop system has passed away, never to return, and before 
wheat can be extensively cultivated at the exi)eu8e of other products it will 
not only have to eomuiand what would appear to us as an excessively high 
price, and afford a reasonable assurance of its continuing to do so, but would 
have to do this without affecting to any considerable extent the price of other 

products. 

♦ ♦ * ♦ * * • 

To discuss tlie extent to which under conceivable conditions the United States 
may, notwithstanding this somewhat dubious outlook, still continue to contribute 
to the food supply of other nations, would be little more than speculation. It is 
sufllcient for the writer's present pun^ose to have called attention to the enor- 
mous prospective increase In the requirements of our own population, and to 
some of the changes In the agricultural situation which such increase will 
involve. 

This discussion of the subject is quite in accord with the general 
view taken by Mr. Crookes and a number of others who have fore- 
casted the situation, but the difficulty of, making reliable estimates of 
food production and acreage is too apparent to need further discus- 
sion. The same is true regarding the acreage and production of 
foreign countries, some of which, even in the original home of the 
wheat plant, are producing only about 9 bushels per acre on the 
average, as indicated in the following table : • 

Average yield of M?/tea* per acre in — Bushels. 

Denmark 41. 8 

United Kingdom . 29. 1 

New Zealand 25. 5 

Norway 25. 1 

Germany 23.2 

Belgium 21. 5 

Holland 21. 5 

France 10. 4 

Hungary IS. 6 

Rounianla 1i.fi 

Austrta 16. 3 

Poland - 16. 2 

Canada 15. 5 

Argentina 13. 

Italy 12. 1 

United States (mean) 12.0 



«The Wheat Problem, p. 244. 

Digitized by VjOOQIC 



WOODS.] AGRICULTURAL PRODUCTIOlT. 163 

Average yield of wheat per acre in — Bushels. 

India 1 9.2 

Russia in Europe. ^ 8.6 

Algeria 7. 5 

South Australia 7.0 

Australasia 6.8 

The average acreage devoted to wheat in the United States from 
1866 to 1907 has gradually increased, slightly fluctuating from year 
to year through various causes, especially the price of wheat, the 
price of competing crops, etc. At the close of the civil war, in 1866, 
there were 15,424,496 acres devoted to wheat, with an average yield 
of 9.9 bushels and an average farm price of a little over $1.52 per 
bushel, 12,646,941 bushels of this crop being exported. In 1880 the 
acreage had increased to 37,986,717, with an average yield of 13.1 
bushels and a farm price of a little over 95 cents, 186,321,514 bushels 
being exported. Up to 1901 the average fluctuated a little above and 
a little below the 37,000,000- acre point, reaching in 1901 49,895,514 
acres, with an average yield of 15 Dushels and an average farm price 
of 62.4 cents, with an export of 234,772,516 bushels. In 1902 the 
acreage dropped off something over 3,000,000 acres, and in 1903 it 
came back again to 49,464,967 acres, with an average yield of 12.9 
bushels and an average farm price of 69.5 cents, and with an export 
of 120,727,613 bushels. In 1904, 1905, 1906, and 1907 the acreage 
has been between 44,000,000 and 47,000,000, with an average yield 
ranging between 12.9 and 15.5 bushels and a farm price ranging 
between 66 and 92 cents, the high prices running up as high as $1.13 
in the year 1904 and $1.06 in 1906. The exports since 1903 have 
fallen off considerably. In 1903 the export was 120,727,613 bushels 
and in 1904 it was 44,112,810. This was coincident with the rust 
epidemic. In 1905 the exports amounted to 97,609,007 bushels; in 
1906, 146,700,425 bushels; and for 1907 the figures were 163,043,669.« 
There is no positive evidence, therefore, from the figures available of 
any falling off in the ability of our farmers to meet the demand for 
home consumption of wheat and still supply a large amount foe 
export. 

I have already referred incidentally to the difliculty of determin- 
ing the potential wheat-producing power of the land not now in 
farms, and of the uncultivated area m farms. As a further illustra- 
tion of the difficulty of determining this, it is simply necessary to 
point out that most investigators, including Crookes and Hvde, up to 
ten years ago, figured that the area west of the one hundreath merid- 
ian was practically available only for grazing, with the exception 
of only a small per cent available for irrigation. Probably not more 
than 5, or at the most 10, per cent of the arable land west of the 
one hundredth meridian is considered available for irrigation, owing 
to the scarcity of water. Even this, however, is based upon the pres- 
ent wasteful methods of using water, and is subject to considerable 
revision when conditions of farming are such as to warrant sub- 
irrigation methods, which are now used in many localities with a 
savmg of over 50 per cent of water. The irrigation ditches are now 
most of them not cemented or properly silted, so that there is a great 
waste by seepage. The water, turtnermore, is exposed to evaporation. 



<» Figures of Bureau Statistics, U. S. Dept. Agr.; subject to slight cliuuge by 

Digitized by ' 



Dept Com. and Lab. ^ ^ GoOqIc 



164 REPORT OP NATIONAL CONSERVATION COMMISSION. 

bjr which large quantities are lost. There are many methods that 
might be practically devised for using water more economically than 
at present, but, leaving the question of irrigated agriculture aside, 
the Great Plains area, which has not been considered as a potential 
feature in wheat production, is a territory over 300 miles wide and 
1,000 miles long, and, on a most conservative estimate, contains 50 
per cent of land which could be devoted to wheat culture, and, as a 
result of careful tests made by the Department of Agriculture, state 
experiment stations, and practical farmers it has been shown that, 
by the use of drought-resistant varieties of wheat and by the em- 
ployment of cultural methods which conserve the natural rainfall, 
at least 96,000,000 acres of this land could be made to produce an 
average yield of 15 bushels per acre annually under the ordinary 
methods of culture now practiced by the best farmers of that region. 

The possibilities of increasing the wheat yield in the present well- 
establisned wheat areas have hardly been considered. As will be 
shown later, a very large number of varieties are now grown, many of 
them not well adapted to the conditions of soil and climate under 
which they are cultivated. An average increased yield of 5 bushels 
to the acre could be secured simply by putting into the hands of the 
farmers better adapted strains for their particular conditions. This 
is now rapidly taking place. 

A study of the statistics of yield for the different wheat areas of the 
United States shows a gradual upward tendency for the United 
States as a whole for ten-year periods. Representing the average 
yield of the forty years from 1867 to 1906 by 100, the relative average 
yield per acre in each decade was as follows: 1867-1876, 94; 1877- 
1886, 98; 1887-1896, 100; 1897-1906, 108. The actual yields for 
States and periods are shown in the table of ten-year average yields, 
herewith appended. 

According to investigations made by this department and published 
in Bulletin No. 24 ot the Division of Vegetable Physiology and 
Pathology, " The Basis for the Improvement of American mieats^'' 
1900, as a foundation for rational wheat improvement, a knowledge is 
reciuired, first, of the characteristics and needs of different wheat dis- 
tricts, and, second, of the characteristic qualities of the natural groups 
of wheat. On the basis of conditions of soil and climate and the 
natut-e of the varieties adapted to these conditions, the United States 
may be considered to be divided into eight wheat districts, as follows : 
(1) Soft wheat district, including mainly the Middle and New Eng- 
land States; (2) the semihard winter wheat district, including Ohio, 
Indiana, Illinois, Michigan, and a small part of Wisconsin ; (3) the 
southern wheat district, including approximately the Southern States ; 
(4) the hard spring wheat district, covering the northern portion of 
tne States of the plains; (5) the hard winter wheat district, covering 
the central portion of the States of the plains; (6) the durum wheat 
district, covering the western portion or the States of the plains; (7) 
the irrigated wheat district, including approximately the Rocky 
Mountain and Basin States; and (8) the white wheat district, includ- 
ing the Pacific Coast States. 

Certain general needs, such as early maturity, greater yielding 
power, and better adapted varieties, are common to all these districts 
and must be kept constantly in mind in connection witli all efforts 
made to improve varieties. Other characteristics and needs are more 
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special and are stated herewith under headings of the different dis- 
tricts : 

Soft wheat district: 

(a) Present average yield per acre, about 14} busbels. 

(h) Chief varieties now grown: Fultz, Fulcaster, Enrly Genesee Giant, 
Mediterranean, Early Red Clawson, Longberry, Jones's Winter Fife, 
Red Wonder, Gold Ck>in,. Bluestem, Dietz, Red Cross. 

(o) Needs of the grower : Harder-grained, more glutinous varieties; hardier 
winter varieties for the most northern portions; early maturity; 
mst resistance. 
Semihard winter wheat district : 

(a) Present average yield per acre, about 14 bushels. 

(h) Chief varieties now grown: Fultz, Poole, Rudy, Valley, Nigger, Daw- 
son's Golden Chaff, Early Red Clawson. 

(c) Needs of the grower: Hardness of grain; rust resistance; hardy winter 
varieties. 
Southern wheat district: 

(a) Present average yield per acre, about 9} bushels. 

(6) Chief varieties at present grown: Fultz, Fulcaster, Red May, Rice, 
Everett's High Grade, Houghton, CurrelFs Prolific, Purple Straw. 

(o) Needs of the grower: Rust resistance; early maturity; resistance to 
late spring frosts ; stiffness of straw. 
Hard spring wheat district: 

(a) Present average yield per acre, about 14 bushels. 

(b) Chief varieties at present grown: Scotch Fife, Bluestem, Wellman'a 

Fife, Velvet Chaff Spring. 

(c) Needs of the grower: Early maturity; rust resistance, drought resist- 

ance; hardy winter varieties. 
Hard winter wheat district: 

(a) Present average yield per acre, about 14 bushels. 
(6) Chief varieties at present grown: Turlcey, Fulcaster, Kharkof, Zim- 
merman, Fultz. 
(c) Needs of the grower : Drought resistance; early maturity. 
Durum wheat district : 

(a) Present average yield per acre, HI bushels. 

(h) Chief varieties at present grown: Mediterranean, Nicaragua, Ful- 
caster, Turlcey, Kubnnka (in north), 
(o) Needs of the grower: Durum varieties for southern district; drought 
resistance; rust resistance; early maturity. 
Irrigated wheat district : 

(a) Present average yield per acre, about 21 bushels. 

(h) Chief varieties at present grown: Souora, Taos, Turkey, Little Club, 

Defiance, Kharkof, Kubanka. 
(c) Needs of the grower: Increase of the gluten content; early maturity. 
White wheat district : 

(o) Present average yield per acre, about 15 bushela- 

(b) Chief varieties at present grown: Australian, California Club, Sonora; 

White Winter, Foise, Palouse Bluestem, Palouse Red Chaff, Oregon 
Red Chaff, Little Club. 

(c) Needs of the grower: Early maturity; nonshattering varieties; hardy 

winter varieties in the colder portions. 

Attention has already been called to the eight principal groups of 
our cultivated wheats. The special characteristics of these groups 
of wheats that are of prime importance in the work of wheat breed- 
ing are here given : • 

1« Common bread wheat group: 

(a) Ebccellence of gluten content for bread making. 

(b) Excellence of certain varieties for cracker making, 
(o) Yielding power of certain sorts. 

id) Rust resistance (in some varieties), 
(e) Winter hardiness of certain varieties. 
(/) Resistance to drought of certain varietiea. 
ig) Early maturity (in some varieties). 

• Bull. No. 24, Div. Veg. Phys. and Path., U. a Dept Agr., 1900, pp. 79-88. 
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2. Club or square-head group: 

(a) Great yielding power. 

(h) StifTness of straw. 

(o) Freedom from shattering. 

(d) Early maturity (In some varieties). 

(e) Dronght resistance (in some varieties). 

(/) Bzcelleice of certain sorts for making crackers and breakfast foods. 

3. Poniard group : 

(a) Excellence of certain varieties for making macaronL 

(b) Resistance to orange leaf-rust 

(c) Resistance to drought 

(d) Stiffness of straw. 

4. Durum group: 

(a) Excellence of gluten content for making macaroni and other pastes. 

(h) Resistance to drought 

(c) Resistance to orange leaf-rust 
6. Polish wheat group: 

(a) Quality of gluten content for making macaroni. 

(&) Resistance to drought. 

(e) Resistance to orange leaf-rust 

6. Spelt group: 

Desirable qualities— 

(a) Ability to hold the grain In the head, 
(ft) Constancy In fertility. 

(c) Hardiness of certain winter sorts. 
Undesirable qualities — 

id) Brlttleness of the head. 
(e) Rust liability. 

7. Emnier group : 

Desirable qualities — 

(a) Ability to bold the grain in the head. 

(b) Drought resistance. 

(o) Resistance to orange leaf-rust 
Undesirable qualities — 

(d) Brlttleness of the head. 

(6) Adaptability only for spring sowing, as a mle. 

8. Einkom group: 

Desirable qualities — 

(a) Ability to hold the grain In the head. 

(b) Resistance to orange leaf-rust 

(c) Hardiness. 

id) Resistance to drought 

(e) Stiffness of straw. 
Undesirable quality — 

(/) Brlttleness of the head. 
Wheats may also be grouped geographically. On this basis groups of varieties 
having certain special qualities are located appioxiuiately as follows: 
Xa) Starchy white wheats: Pacific Coast and Rocky Mountain States, Chile, 

Turkestan, Australia, and India, 
(ft) Amber or reddish grained wheats, also starchy: Eastern States, western 
and northern E\irope, India, Japan, and Australia. 

(c) Excellence of gluten content for making the best bread: Northern and 

Central States of the Plains, Canada, eastern and southern Rutwia, 
Hungary, Roumania, and southern Argentina. 

(d) Resistance to orange leaf rust: Southern Russia, Mediterranean and Black 

Sea regions, and Australia. 

{€) Excellence of gluten content for making macaroni: Southern Russia, Al- 
geria, and the Mediterranean region in general. 

(/) Stiffness of straw preventing lodging: Pacific Coast States, Japan, Turke- 
stan, Mediterranean region, and Australia. 

(g) Yielding power (at least In proportion to sise of head) : Pacific Coast 
States, Chile, and Turkestan. 

(h) Nonshattering varieties: Pacific Coast States, Chile, Turkestan, Germany 
(spelts), and East Russia (emmers). 

({) C!k>nstancy In fertility: Germany (spelts) and southern Bkirope. 

(/) Early maturity: Japan, AAistralla, and India. 

( jb) Resistance to drought and heat : East and South Russia, Kirghix stei^ies. 



Turkestan, and soatbem Mediterranean region. 
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({) Resistance to drought and cold: East Uassla. 

Of the many wheat introductions made into this country in the past, the 
following are among those of the greatest moment, and which have completely 
revolutionized the wheat industry in places : 
(a) Mediterranean, introduced first in 1819. 
(&) Fife wheats, Introduced first into Canada and then into the northern 

States of the Plains, 
(e) Turkey wheat, first introduced into Kansas ahout twenty-five years ago 

from Taurida, in Russia. 
id) The California Club, Australian, and Sonora, introduced into the Pacific 
Coast States. 

Field experiments of the department have shown that in the common bread- 
wheat group there is a very close constant relation between the autumn con- 
dition of the young plant on the one hand and winter hardiness and quality of 
grain on the other. 

Wheat is very susceptible to changes of environment, but especially in re- 
gard to color, hardiness, and chemical composition of the grain. 

In general, regions possessing black prairie soils and characterised by violent 
climatic extremes, especially extremes of heat and drought, produce wheats 
that are hardiest, have the hardest grains, and are the best in quantity and 
quality of gluten content. 

Considering all qualities, the best wheats of the world are of Russian origin, 
coming particularly from eastern and southern Russia, the Kirghiz steppes, 
and Turkestan. Of Russian varieties so far known, the following are among 
the best, if not the very best : 

Amautka, Ghirka Spring, Crimean, Mennonite, Tx, Kubanka, Ghirka Winter, 
Buivola, Kubanka Red Winter, Chemokoloska, Turkey, Russian, Sarui-bug-dai, 
Beloturka. 

The earliest ripening wheats are often dwarfed. The following varieties are 
among the best of this class : 

Yeuilde, Onlgara, Shlro-Yemidashi, Klntama, Kathia, Roseworthy, Early 
Baart, Early Japanese, Japanese No. 2, Nashi, Allora Spring, Steinwedel, King's 
Jubilee. 

The following varieties are among the best known of the durum and poulard 
groups: 

Amautka, Kubanka, Beloturka, Chemokoloska, Medeah, Sarul-bug-dai, Cre- 
tan, Galland*s Hybrid, El Safra, Petanielle noire de Nice, Volo, Missog^, 
Atalanti, Nicaragua. 

Common bread wheats can not be depended upon to resist rust, but the best 
in this regard are probably the following: 

Turkey, Pringle's Defiance, RIeti, Pringle's No. 5, NashI, Saskatchewan Fife, 
Theiss, Bellevue Ta la vera, Arnold's Hybrid, Crimean, Oregon Club, OdeR?a, 
Velvet Blnestem, Sonora, Prolifero, Mediterranean, Deitz Longberry, and 
Menncmite. 

Einkorns resist leaf-rust completely, and emmers re^st it to a high degi-ee. 

Some of the very hardiest winter varieties so far tried in this country are: 

Turkey, Yx, Crimean, Qhirka Winter, Bearded Winter. 

Club wheats are usually soft-grained and tender sorts, adapted only to mild 
climates like that of California. Among the best of this group are : 

Little Club, California Club, Herisson barbu, Palouse Red Chaff, Chili Club, 
Sicilian Red Square-bead, Herisson sans barbes. 

Some of the most popular and valuable wheats of our country have been pro- 
duced by simple selection, though in some cases the indications are strong that 
they were originally the result of natural crossing. The best known of such 
varieties are: 

Flutz, Clawson, Gold Coin, Rudy, Wellman*s Fife, Curreirs Prolific. 

Selection plays far the most important part in wheat breeding, and necessi- 
tates on the part of the experimenter a thorough knowledge of varieties and 
their relations to each other and to their «ivironment. 

Simple selection of individuals, however, for the improvement of the same 
variety, can and 'should be practiced on every farm. Very little extra time or 
trouble is required, but the gain is great 

Among the most valuable wheats of the United States that have been pro- 
duced through hybridization are the following : 

Fulcaster, Gypsum, Improved Fife, Quarts, Ruby, Jones's Winter Fife, Early 
Genesee Giant, Early Arcadian, Pringle's Defiance, Pringle*s Na 5, Hornblende^ 
F^spar, Blount's No. 10, Diamond Grit, Early Red Clawson, EarlvJ^hite Lpade- 
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For the most complete success In wheat improvement through hybridization 
it Is necessary to prnctlce composite crossing with parents selected from widely 
different wheat groups. 

The wheat plant is so closely self -fertilized In nature that the practice of 
composite crossing produces some most interesting and remarkable results. 
There is apparently no end to the variations exhibited by the sporting progeny 
in such cases, and, accompanied by discriminating selection, the possibilities of 
wheat improvement in this way are practically unlimited. 

Studying along the lines here laid down^ the Department of Agri- 
culture and a number of the state experiment stations have made 
great progress in improving the varieties of wheat cultivated in these 
various regions. It has been possible to secure acclimatized strains 
in various parts of the Old World wheat areas where, as the result 
of centuries of culture under severe limiting conditions, strains and 
varieties have been gradually developed through natural and arti- 
ficial selection very resistant to those conditions. Thus we find very 
cold and drought resistant durums, like the Kubanka and Arnautka, 
adapted to the cold dry northern area and other strains "developed in 
northern Africa and the Mediterranean region adapted to the hot 
dry situations of Texas and Oklahoma. The hardf winter wheats 
of the Great Plains and the Mississippi Valley are inferior in cold- 
resisting power and yielding power to very closely related strains 
which have been secured in Russia. As a result of careful explora- 
tions of European Russia, including the Caucasus and a portion of 
the Kirghiz Steppes, as well as Hungair, Roumania, and other por- 
tions of Europe, a very large number or promising strains of diner- 
ent varieties were secured, which were tested in connection with a 
large number of strains secured in this country, making altogether 
about 1,000 varieties. 

The Kharkof strain of the so-called Turkey wheat has carried the 
range of winter wheat culture from southern Nebraska into southern 
North Dakota, a distance something over 400 miles, and has carried 
the western range of winter wheat culture bevond the one-hundredth 
meridian. This strain is also proving valuable in Iowa, Minnesota, 
Wisconsin, and Illinois. The winter wheats, besides being more 
certain in yield, average about 5 bushels more than spring wheats. 

The rust-resisting qualities of some of the durum wheats have been 
bred into the Bluestem strains, making them very much more valu- 
able for culture in the northern Mississippi Valley, but these have not 
yet been distributed by the department. 

The great problem m the South is good varieties of wheat, better 
adapted for growth under the warmer conditions, and which are rust- 
resistant. While very little has yet been done along this line, it is 
undoubtedly possible by the introduction of strains adapted to south- 
em conditions and having greater rust resistance to very greatly 
increase the now very low yield of the Southern States. Several 
investigators have from time to time pointed out that the highest 
yield of any strain of a crop is usually produced near the northern 
limit of its production. This is true so far as any given strain or 
variety is concerned, but there is no reason why the Southern States 
should not be the northern limit of production for certain varieties 
of wheat, the same as northern Canada is the limit for otlier varie- 
ties. This point has been overlooked in much of the discussion upon 
the potential wheat-producing power of the Southern States. Ix is 
the opinion of those who have given this question long and careful 
study that the average wheat production of the UnitM Stat^ J^ a 
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whole could easily be doubled by the use of better varieties and better 
cultural methods. How rapidly changes of this kind will take place 
will depend upon how rapidly information can be diffused among the 
farmers. If dependence is placed upon the distribution of infonna- 
tion through publications, the change will be very slow, but if the 
information is carried to the people directly, as is being done by the 
Department of Agriculture in its farm demonstration m the South, 
it is believed that even a few years will suffice to get the people to 
use better methods. It will then be simply a question of how rapidly 
the scientists can improve the strains and get them into condition for 
distribution and general use. 

The first steps must necessarily be those more fundamental features 
of general farm practice — the diversification of crops, building up 
of the humus of the soil by the use of barnyard manure and green 
crops turned under, more attention given to the selection of even 
ordmary varieties of seed, etc. As soon as the farmer makes the first 
steps in this direction, he is able to appreciate and make better use 
of more highly selected strains and more complicated methods. 

The breeding work is actively in progress bv many of the state 
.stations, as weTl as the department experts, and it is probable that 
the progress of the breeder will fully keep pace with the develop- 
ment of the farmer and that the United States can be depended upon, 
not only to feed its own rapidly increasing population, with the 
same relative proportion of wneat that they now use, but that it will 
have a large and ever increasing quantity tor export. 

So far as the effect of soil conditions on wheat yield is concerned, 
it has been proved beyond question that, where wheat is grown con- 
tinuously on the same soil without the addition of organic matter, 
the proauctive power of the soil is reduced. It has been shown be- 
yona any question that the continuous growth of cultivated crops is 
even more destructive of soil humus than the continuous growth of 
grain crops. The stirring of the soil in the process of cultivation 
stimulates the action of the nitrifying and ammonifying bacteria, 
which convert the organic nitrogen ot the soil into available form, 
so that it is either taken out by the crops or is leached away. 

The influence of the different systeriis of farming on the chemical 
and physical properties of the soil is well illustrated by the follow- 
ing facts secured at the Minnesota Experiment Station, and which 
are typical of the results secured by practically all other investigators 
in this field : « 

Influence of different systems of farming on the chemical and physical 
properties of soils. 



Character of SOIL 


Weight 

percjit)lc 
fbot. 


Humus. 


Nitrogen. 


Phoa- 
phorio 

acldeom- 
blmd 

witU hu- 
mus. 


Water- 
holdln? 
capacity. 


1. Cultivated 35 yea<v; rotation of crops and manure: 
high state of productiveness 


Pounds. 
70 

72 

70 

67 


Per cevi 
3.32 

1.80 

a46 

2.45 


Percent. 
0.30 

.16 

.26 

.21 


Pir cent. 
004 

.01 

.03 

.03 


Percent. 

48 


2. Orlf^ally same as 1; continuous grain cropping for 
85 years: low state of productiveness 


30 


S. ColtTvated 42 years: systematic rotation and ma- 
nnra: nmd state of productiveness 


50 


4. Originally same as 3; cultivated 85 years; no sys- 
tematic rotation or manure; medium state of 
productiveDea 


57 







•Humuff In Ita Belatlon to SoU Fertility, by Harry Bnyder, Yearbook, U. S. 
Air., 1895, p. 141. Pnoalr> 
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Soils Nos. 1 and 2 are from two adjoining farms, and originally had prac* 
tlcally the same crop-producing power. No. 1 has received regular aud liberal 
dressings of manure, and has produced wheat, com, oats, timothy, and clover in 
rotation. There has been no apparent decline In fertility. No. 2 has l)een under 
continuous grain cultivation and has never received any farm manure or other 
humus-forming materials. During the first few years heavy crops of wheat 
were raised, but during the past few years the yield has been vei^ low, esiie* 
cially In diy seasons. The land has been reduced In wheat-producing power 
from 25 to 8 bushels per acre. 

The main difference between the two soils at the present time is in the amount 
of humus and nitrogea and phosphoric acid. 

Soils Nos. 3 and 4 are from the same farm. No. 3 has been cropped forty-two 
years, timothy and clover, wheat, oats, and com having been raised in rotation. 
Every five years the laud has received 10 tons of stable manure per acre. 
No. 4 has l)een cropped only thirty-five years, producing mainly wheat, oats, and 
corn, with an occasional crop of timothy. It has not been cropped continuously 
to one crop, neither has it l>een under a regular system of rotation. The soil 
which has l>een cropped forty-two years shows more humus and nitrogen than 
the one which has l)een cropped thirty-five years. 

The earlier results secured in these experiments in Minnesota have 
been confirmed by all of the later investigations. In Bulletin No. 109 
of the Minnesota Experiment Station, issued in June, 1908, pages 
830 to 334, the results are summarized aa follows: 

1. Continued cropping of soils to grains only, without any system of rotation, 
or other treatment, is telling severely upon the original stock of half-decomiM>i»ed 
animal and vegetable matter and nitrogen. Soils which have produced grain 
crops exclusively for ten or fifteen years contain less humus and nitrogen than 
adjoining soils that have never been plowed. 

2. Soils which have been cropped until the organic matter and humus have 
been materially decreased retain less water and dry out more readily than when 
there Is a larger amount of organic matter present In the soil. 

3. Soils which are rich In humus contain a larger amount of phosphates asso- 
cited with them in available forms than soils that are poor in humus. 

4. Soils which are rich in humus and organic matter produce a larger amount 
of carbon dioxide which acts as a solvent upon the soU particles and ajds the 
roots in procuring food. 

5. One-half of a sandy knoll, heavily manured with well-rotted manure, con- 
tained nearly a quarter more water during a six weeks' drought than the other 
half that received no manure. 

6. The supply of organic matter in the soil must be maintained, because it 
takes such an important part, indirectly, in keeping up the fertility. A good 
system of rotation, including sod crops and well-prepared farm manures, will 
do this, and will avoid the introduction and use of commercial fertilizers which 
are now costing the farmers of the United States over $80,000,000 annually. It 
will not do to wait until this question forces Itself upon us. 

7. A rotation of crops will soon be necessary on account of the peculiar com- 
position of some of the soils and corresponding subFoMs, especially those where 
the surface soils are richer In phosphates and nitrogen while the subsoils are 
richer In potash and lime. By means of rotation the full benefit of the strong 
points of both the top soil and the subsoil will be secured. 

The decay of the humus and liberation of its nitrogen is only one of many 
changes that has taken place. lioss of the element nitrogen can not be said to 
be (he only cause of decline in fertility, as field experiments with fertilizers on 
old grain lands show that nitrogen alone, when added to the soil, fails to entirely 
restore the fertility. In addition to the decay of the humus and loss of nitrogen, 
the mineral elements of plant food have undergone changes in combination, 
the soils have become lighter in color and otherwise modified in physical prop- 
erties. ♦ ♦ • 

Commercial fertilizers should not be used Indiscriminately on old soils with 
a view of securing large yields, and it Is not feasible by their use alone to 
e^'onomlcally restore the fertility to soils that have been impoverished by exclu- 
sive cropping to small gnilns. Commercial fertilizers are of great value when 
Judiciously employed in a rotation and for encouraging the growth of legumes, 
as clover, so as to add nitrogen to the soil from atmospheric sources. ♦ • • 
Commercial fertilizers can not take the place of farm manures or crop residues, 
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particalarly those from clov» and timotby, for poi nmneiitly Improrlnp the soil, 
but they aid In the production of nome crops ami ofteu umiHt a crop, as clover, 
which in turn is beneficial in adding nitrogen and humus to the soil. 

• *****• 

A rotation of grain crops alone, without the production of clover or a grass 
crop, was found not to be sufficient to conserve the nitrogen content of the soil, 
even where farm manures were used. A rotation of crops, in order to be effec- 
tual, must contain clover as one of the essential parts. 

• •••••• 

The beneficial action of a clover sod, grass crop residues, and farm manures 

upon the soil Is not alone confined to supplying nitrogen and humus-forming 
materials, but chemical, bacteriological, and physical changes are also promoted 
In the soil. • ♦ ♦ 

The indiscriminate practice of bare summer fallowing has been another cause 
of loss of the soirs nitrogen and humus. ♦ ♦ ♦ Experiments show that when 
summer fallowing is practiced five times more nitrogen is renderecl soluble and 
available than is required for the succeeding crop; and the soluble nitrogen 
that is not utilized as plant food is readily lost. ♦ ♦ ♦ 

On most western farms it is more economical at the present time to make the 
reserv-e mineral matter available as plant food than to purchase new stores. In 
many soils there is a large amount which is not in the most available forms, but 
is capable of being made so by cultivation. 

As a general result of the cr(^j)ing system it was found that any 
system which provided for the maintenance of a supply of vegetable 
matter in the soil, either by manuring or by the growing of pasture 
or meadow crops, has given profitable returns. A standard five-year 
rotation — first year, corn, receiving 8 tons of manure per acre ; second 
year, wheat; third anid fourth years, meadow; fifth year, oats — ^has 
given an average gross income per year for the State of Minnesota, 
based on average farm prices, or $14.08. The cost of production, in- 
cluding $3.50 land rental, is $9.05, leaving the net annual income 
$5.03 per acre. • 

The plots which have grown cultivated crops, such as com, potatoes, 
and mangels, continuously without manure, have given poorer returns 
than have the plots which have grown grain continuously without 
manure. 

A four-year rotation — millet, barley, com, and oats — gave no better 
returns than did the plot on which wheat was gi'own continuously. 

The yields of wheat in the standard five-year rotations have ranged 
between 20 and 30 bushels, some seasons and rotations giving as high 
as 35 bushels, while the average for the State is about 13 bushels. 

Emmer, — Before closing the discussion of wheats attention should 
be called to emmer, which is destined to be an exceedingly important 
dry-land crop for high altitudes and poor soils. The ^Following is 
abstracted from Farmers' Bulletin 139 : 

E^mmer is a species of wheat, Triticum dieoccum, probably derived in prehis- 
toric times in southeastern Europe from a still simpler species, T, monococcum. 
It is ofteu confused with another similar species, T, spelta, and is thus incor- 
rectly called " spelt." The grain is somewhat similar to that of si)elt, but is 
usually harder, more compressed at the sides, and redder. Emmer is a much 
more hardy plant than 8i>elt in every way. It resists drought and attacks of 
leaf rust to a great degree. Fall-sown varieties are also quite winter-hardy. 
It will produce a fair crop under almost any condition of soil and climate, but 
thrives best in a dry prairie region with hot summers, where it gives excellent 
yields, 80-60 bu^els. The grain is largely cultivated in the upper Volga region 
of Russia, where the climatic conditions are more severe than in our northern 
.Great Plains region. Excellent varieties are also grown in the North Caucasus, 
in Germany, Switzerland, France, Italy, Servia, Abyssinia, northern India, 
China, and Thil)et. Only a few varieties, however, have yet been introduced 
and tested In this country. From the tests thus far made the/^y^fif^f^hlte- 
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cbaff varieties give excellent reeults in the northern plains district, and the 
blacic winter varieties give good results further South. With the introduction 
and acclimatization of new varieties this grain promises to take an important 
place in our agriculture, replacing oats and barley under conditions too severe 
for those crops and being about equal to them as Block food. 

OATS. 

A statement • of the status of oat culture in the United States has 
been especially prepared by Mr. C. W. Warburton and is submitted 
herewith. 

The improvement and adaptation of varieties and the greatly in- 
creased yields resulting from such work are fully as great as in the 
case of corn and wheat. 

Although oats exceed in nutrition value our other cereals, probably 
less care has been given to their culture than to any other important 
crop; oats are usually grown also on the poorest land. Their great 
value as feed, especially for horses, results in their culture even at a 
loss, so far as their market value is concerned. The acreage devoted 
to oats doubled from 1879 to 1887 and increased from 1887 to 1900 
from 25,920,906 acres to over 27,000,000, with a corresponding in- 
crease in yield. In 1907 the acreage was 31,837,000, but on account 
of rust, smut, insect pests, and unfavorable weather conditions, the 
yield fluctuated considerably in various years and localities. The loss 
from smut alone is estimated at not less than 4per cent of the crop, or 
on an average of about 34,000,000 bushels. This can be easily pre- 
vented at very small cost Rust is more difficult to control, except 
through the use of resistant varieties. The loss caused is fully as great 
as that caused by smut. Selection and adaptation of varieties, with 
better rotation systems, will greatly increase the yield per acre as soon 
as there is demand for it At current prices the acreage will probably 
remain about as at present, with a tendency to decrease as average 
yields increase as the result of better systems of rotation. The net 
profits will at the same time considerably increase. 

BABLEY. 

Barley is successfuly cultivated under a wider range of climatic 
and soil conditions than any other cereal, though it reaches its best 
development in warm, dry climates. Barley belongs to the same tribe 
as wheat and rye. The chemical composition of the grain, after 
taking off the hull, is almost identical with wheat. It is one of the 
oldest of cultivate crops. Down to the sixteenth century it was 
the chief bread plant of Europe, but since that time it has ^ven way 
to wheat Its chief use in America is as food for domestic animals 
and for malting purposes. In 1850 New York produced about 69.4 
per cent of the twirley grown in the United States. The North 
Atlantic division product 81 per cent. In 1900 the center of pro- 
duction was the northern Missouri Valley, in Iowa and South Dakota. 
Nine States now produce about 91 per cent of the total vield, viz., 
California, Minnesota, Wisconsin, Iowa, South Dakota, Jlorth Da- 
kota, Washington, New York, and Nebraska,** the first four pro- 

« See statement on Oat Crop of the United States prepared by C. W. War- - 
burton for this report. 
^ See Cereals in America, by Thomas F. Hunt. 
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ducing three-fourths of the total crop. The world's production of 
barley for the past five years, 1903 to 1907, has been a little over 
1,200,000,000 bushels. The acreage has gradually increased m the 
United States from 492,532 in 1866 to 1,131,217 in 1867, reaching 
2,272,103 in 1882, 3,220,834 in 1889, falling a little below 3,000,000 
from 1896 to 1900, then increasing to 4,295,744 in 1901, 5,145,878 in 
1904, and 6,448,000 in 1907. 

The yield per acre has fluctuated between 19.2 and 29 bushels, 
averaging, from 1867 to 1876, 22.8 bushels; from 1877 to 1886, 22.4 
bushels; from 1887 to 1896, 22.7 bushels; and from 1897 to 1906, 
25.5 bushels. 

The farm value has been gradually declining, but it increased in 
1907 to 66.6 cents, the highest since 1881. 

Varieties. — There are two well marked tjpes of barley, the six- 
rowed and the two-rowed, both of very ancient cultivation and pos- 
sibly representing separate species. An intermediate form {Hordeum 
vulgare L.) is the common four-rowed barley. The two-rowed va- 
rieties of the Hanna and Chevalier type appear to be better adapted 
to the drier Northwest ; while the six-rowed varieties, like Oderbrucker 
and Odessa, do better in the moister regions. North of the forty- 
third parallel it is necessary to sow in the spring, but south of this 
line fall sowing is rapidly coming into favor, especially since 1903, 
when the Department of Agriculture began to demonstrate the supe- 
rior value of the winter strains, which yield on an average 25 to 
30 per cent more than the spring sorts south of the forty-third par- 
allel. The principal reason is that the fall-sown grain ripens before 
the hot summer weather arrives. Drilled winter barley m Indiana, 
Illinois, and Ohio has stood the winter better than broadcasted bar- 
ley, two-thirds of the loss from winter killing being prevented by this 
method. 

Several years ago the Department of Agriculture introduced a con- 
siderable number of hull-less and beardless barleys from the high 
plateaus of the Himalaya Mountains in Asia and distributed them 
through the Rocky Mountain States. Their success has been phe- 
nomenal. Their cultivation has been successfully carried up to nearly 
9,000 feet, where they give valuable hay as well as gram. Large 
quantities are grown under irrigation in the mountain sections of 
Montana, Wyoming, and Colorado. They have also been found to be 
well adapted to the semiarid area of the Great Plains, proving to be 
one of the best dry-land crops. Like wheat, oats, and corn, and, in 
fact, most other crops, the barleys do best in soils rich in humus and 
decaying organic matter. They decline rapidly in yield if the humus 
and organic matter is liot maintained, being more sensitive than 
other cereals in this respect. In the rich tule lands of California a 
yield of 80 to 90 bushels per acre is often secured, and under favora- 
ble conditions nearly as high yields are often secured in the northern 
Mississippi Valley. Under average conditions, however, 35 to 40 
bushels is considered a fair yield. This is from 10 to 15 bushels 
above the average for the last decade for the principal barley area 
and from 15 to 20 bushels above the average for the South. As 
better rotation methods and cultural methods generally come into 
use the average yield of this crop, like that of all others, gradually 
increases. 



Digitized by 



Google 



174 BEPORT OF NATIONAL CONSERVATION COMMISSION, 

BYE. 

The acreage of n^e in the United States has fluctuated between 
one and a hwf million and two million acres from 1866 down to the 

E resent. The average yield per acre declined slightly down to the 
eginning of the last decade, during which there has been an average 
increase of 3 bushels per acre (13.6, 13.0, 12.9, 15.7). The farm value 
has fluctuated considerably, falling as low as 40.9 cents in 1896, rang- 
ing between 50 and 60 cents during the last ten years, reaching 68.3 
cents in 1904 and 73.1 cents in 1907. The exports fluctuate greatly. 

From the standpoint of its grain value, rye is the least profitable 
of our cereal crops. It is, however, adapted to very light, poor land, 
and will make a fair crop where other cereals, witn the exception of 
enrnier (sometimes erroneously called "spelt"), would fail. Like 
the oUier cereals, however, it responds to better soils or to fertilization. 

On account of its great hardiness and its ability to grow on poor 
soils, it is largely used as a creen manure crop. 

There is a great demand jot rye straw for paper and for other pur- 
poses, and, except where it is grown for gre^i manure, it is grown 
principally for the straw. The grain makes a good flour for human 
food, but in tiiis country it is not much used exoept for domestic ani- 
mals and for brewing purposes. 

The yield could bS greatly increased, if desired, both by the use 
of better cultural methods and by selection of high-yielding straina 

BICE. 

This is a cereal crop especially adapted to wet soils where other 
cereals will not grow. The genus Oryza is tropical, and there are a 
number of species of the genus growing wild in the Tropics of both 
hemispheres. A closely related genus, Zizania^ is widely distributed 
in semitropical and northern countries, Z. aquatica occurs exten- 
sively in marshy places throughout North America and northeastern 
Asia. Tn North America it was extensively planted in marshes and 
used by the Indians as food. The southern wild form of the Gulf 
States, Z. mUiacea^ is used only for hay. 

The cultivated rices originated in southern Asia in prehistoric 
times. There are five principal groups, corresponding possibly to 
species, indigenous to southern Asia, especially China. Like other 
cereals, there are a great number of varieties or strains adapted to a 
great variety of conditions, both upland and aquatic. One hundred 
and sixty -one varieties are recognized in Ceylon alone, and about 1,400 
in China, India, and Japan. Only a few varieties have been intro- 
duced into culture in the United States, thou^ about 800 are under 
test by the Department of Agriculture. 

The principal areas in the United States devoted to rice are (1) 
the delta land and inland marshes of the South Atlantic States, 
(2) similar land along the Gulf coast and the southern Mississippi 
River, and (3) the prairie soil of southwestern I^uisiana and south- 
eastern Texas. The prairie rice culture is much like that of wheat 
or oats. The upland rices, however, are not as good in quality or 
as high yielding as those grown xmder irrigation, and, while it can 
be grown on any soil that will produce corn or cotton within the cot- 
ton belt, it will not compete witn other grains on these soils as a rule. 
Where irrigation is oracticable, as it is m some of the prairie regions 
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of southwestern Louisiana and southeastern Texas, systems of irri- 

Stion and culture have been developed by which it is possible to use 
e same machinery as is used in cultivating wheat, thus greatly 
lessening the labor cost as compared to culture in swampy areas, 
which can not l>e drained sufficiently to permit the use of such ma- 
chinery. The following table, taken in part from Farmers' Bulletin 
110, shows the difference in labor cost for the United States as com- 
pared with other countries: 

Number of acres one man can farm in rice, with wMffea, in different countries.* 



Countries. 



Japan 

China 

PhlUppinea 

India 

Slam 

i»::::::::::::::::::::::::::::::::: 

Spain 

United States: 

Carollnw 

Mississippi Delta 

Southwestern Louisiana and Texas. 




Fann 

wiAos. in 

gold per 

year, with 

board. 



$10 to $18 
8 to 13 
15 to 30 
10 to 30 
10 to 30 
15 to 30 
40to 60 
40to 60 

96 to 130 
120 to 144 
180 to 216 



• Farmers' Bui. No. 110, p. 19. U. S. Dept Agr., 1900. 

The following table shows the acreage, production, and value of rice 
in the United States in 1907, by States: 

Acreage, production, and value of rice in the United States in 1907, hy States. 



state. 



North Carolina 

South Carolina 

Georgia 

Florida 

Alabama 

Mississippi 

Louisiana 

Texas 

Arkansas 

United States 



Area. 



Acre*, 

1,000 

19,100 

2,400 

2,300 

1,400 

1,100 

310,000 

2S4,000 

6,000 



627,300 



Average 

yield 
per acre. 



BuAeU. 
23.0 
27.0 
34.0 
80.0 
25.0 
22.0 
28.0 
32.0 
37.6 



90. § 



Produc- 
tion. 



BvOuls. 
23,000 
516,030 
81,000 
60,000 
35,000 
24,000 
8,680,000 
9,068,000 
222,000 



Average i Varm 



91 
107 
106 
110 
95 
90 
85 
85 
85 



18,738,000 



85.8 



Dollars. 
21,000 
552,000 
85,000 
76,000 
33,000 
22,000 
7,378,000 
7,725,000 
189,000 



16,081,000 



The yields have been greatly reduced in the Carolinas by a disease 
known as " blast."" It is believed that varieties resistant to the 
disease can be developed. The same disease has appeared in the rice 
areas of Louisiana and Texas, where it is already causing consid- 
erable trouble. The introduction by the Department of Agriculture 
of better milling and better yielding varieties, especially the Kiushu, 
greatly stimulated the culture of this cereal in the Louisiana and 
Texas* prairies. 
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According to Baiapp, there are about 10,000,000 acres of land in the 
five States bordering on the Gulf of Mexico well suited to rice cul- 
tivation. Only about 3,000,000 acres of this, however, can be irrigated 
and cultivated by machine methods. As rotation systems will be 
required in order to control weeds and keep up the humus supply, 
only about one-half of this would be devoted to rice in any one year. 
The present acreage devoted to rice, as shown in the tablet just cited, 
is 627,300, with an average production of 29.9 bushels, or 18,738,000 
bushels. Besides this me United States annually imports over 
120,000,000 pounds of rice. The amount has been gradually increas- 
ing, being over 200,000,000 pounds in 1906. It is evident, therefore, 
that the demand for rice is increasing. If the million and a half 
acres available for rice each year in the South diould be put into 
this crop and the yield should be about the average of 10 barrels 
(162 pounds) per acre, the product would amount to 2,500,000,000 
pounas of cleaned rice, nearly six times the amount of our present 
consumption. It is evident, therefore, that this food resource has 
great potential value and can fully keep up with the deiuand 
at remunerative prices. As Knapp« states in Farmers' Bulletin 
No. 110: 

The employment of machinery in the rice fields of the Southwest similar to 
that used in the great wl^eat fields of California and the Dakotas is revolu- 
tionizing the methods of cultivation and greatly reducing the cost The Amer- 
ican rice grower, employing higher-priced labor than any other rice grower 
of the world, will ultimately be able to market his crop at the least cost and 
the greatest profit. If, in addition, the same relative improvement can be 
secured in the rice itself, if varieties which yield from 80 to 90 per cent of 
head rice in the finished product can be successfully introduced, American rice 
growers will be able to command the highest prices for their product In the 
markets of the world. In view of the success in this direction of the Klushu 
rice, experimentally Introduced by the Department of Agriculture, more than 
100 tons of this rice were ordered from Japan by Louisiana planters for the 
season of 1900. 

SOBGHUMS.^ 

All of the sorghums now in cultivation probably originated from a 
wild species native in tropical Africa. 

The sorghums grown in this country may be separated into four 
groups — (1) the oroom corns, (2) sorgo, or sweet sorghums, (3) 
Kafirs, and (4) durras. The broom corns are grown only for their 
brush. The sweet sorghums are grown for forage and sirups, Ihe 
kafirs for grain and lorage, and the durras principally for grain. 
The last two groups are generally known as the nonsaccharine 
sorghums and are especially adapted to the hot, dry, or semiarid 
sections of the West and Southwest. All the varieties are very 
resistant to alkali. The durras are especially alkali and drought- 
resistant and adapted to higher altitudes. They are taller and less 
leafy than the kafirs. While the kafirs are most largely grown and 
have the widest adaptation, some of the improved strains of durra 
or milo are coming mto prominence in the drier areas of the Great 

« Rice Culture hi the United States, by Dr. S. A. Knapp, Farmers' Bui. 110, 
U. S. Dept. Agr. 

* See Farmers' Bui. 135, Sorghum Sirup Manufacture ; 174, Broom Com ; 
246, Saccharine Sorghums for Forage: 2R<^. The Nonsacchnrl^e Sorglnm.s; o22, 
Mllo as a Dry Laud Grain Cr()i>; aud Cereals of America, by Hunt 
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Plains, especially western Texas, New Mexico, Oklahoma, and 
Kansas. 

The ordinary so-called dwarf milo obtainable in the market is the 
type usually grown, but on account of its lack of uniformity in 
height of seed heads and bending of the heads it is very diflScult to 
handle by machinery. Improvedstrains, nonsuckering and uniform, 
with upright heads and light yellow seeds, have been developed and 
are being distributed by the Department of Agriculture. These are 
handled easily by the ordinary harvesting machinery and yield from 
25 to 55 bushels of grain per acre, its value for stock food is 
slightly less than that of com, containing a slightly smaller per- 
centage of protein and half the percentage of fat. In tropical coun- 
tries, however, the sorghums are almost as largely used for human 
food as rice. In this country their use as human rood is principally 
asCTiddle-cake flour. 

The principal value of the sorghums to the United States lies in 
their adaptation to conditions where other grain and forage crops 
are more difficult to produce. The opportunities for improving and 
adapting the various strains are very great. 

It is doubtful whether the sweet varieties can ever compete with 
sugar-cane and beets for sugar manufacture. They may prove, how- 
ever, to be a valuable crop for the manufacture of denatured alcohol. 
As a soiling crop and for hay and silage mixed with legumes the 
sweet sorghums are superior to the nonsaccharine sorts, though the 
latter are now principally in use. 

It is not a perfectly safe pasture plant on account of the prussic 
acid likely to develop in second-growth plants or plants which have 
been frosted or otherwise checked. Sorgnum is, however, extensively 
used for pasture. 

BUCKWHEAT. 

Buckwheat belongs to the smart- weed family and is adapted to poor 
soils and short cold seasons. It grows wild on the banks of the river 
Amur in Manchuria, in Dahuna, and near Lake Baikal. It has 
long been cultivated in China, northern India, and in the Himalaya 
Mountains. The species came into central Europe in the middle 
ages through Tartary and Russia. It was early introduced into 
America and is quite extensively cultivated in New York, Pennsyl- 
vania, Michigan, Wisconsin, and" Maine, these States producing four- 
fifths of the crop in 1899. The acreage and production have been 
about constant smce 1870, when the acreage fell from a little over 
1,000,000 to a little over 500,000. It reached 800,000 in 1880, and has 
fluctuated about this figure to date. The average yield, in bushels, per 
acre in the United States for 1866 was 21.8 bushels; in 1867, 17.4; for 
the decade 1868-1877, 17.4 bushels; for the decade 1878 to 1887, 14.1 
bushels; 1888-1897, 16.2 bushels; 1898-1907, 17.8 bushels. The table « 
on the following page shows the acreage, production, and value of 
buckwheat in the United States in 1907, oy States. 

« Yearbook. U. S. Dept. Agr., 1907, p. 649. 
72539— S. Doc. 676, 60-2, Tol 3 12 



Digitized by 



Google 



178 REPORT OF NATIONAL CONSERVATION COMMISSION. 

Area and value of hucbwheat in the United 8tate$ in 1907. 



state. 



Maine 

New Hampshire 

Vermont 

Massachusetts 

Connecticut 

New York 

New Jersey 

Pennsylvania 

Delawaie 

Maryland 

Virginia 

West Virginia 

North Carolina 

Ohio 

Indiana 

niinote 

Michigan 

Wisconshi 

Minnesota 

Iowa 

Missouri 

Nebraska 

Kansas 

Tennessee 

United States 



Area. 



Acres. 

23,000 
2,000 
8,000 
2,000 
3,000 
825,000 

12,000 

257,000 

1,000 

9,000 

18,000 

21,000 
5,000 

13.000 
4,000 
4,000 

55,000 

20,000 
5.000 
9,000 
1,000 
1,000 
1,000 
1,000 



Average 
yield per 



Buthefa. 
28.0 
22.0 
22.0 
21.0 
16.0 
17.5 
16.5 
18.0 
24.0 
19.0 
19.0 
18.5 
15.5 
19.5 
15^5 
17.0 
15.5 
16.0 
14.7 
16.0 
16.0 
14.5 
12.0 
15.0 



800,000 



17.9 



Produo- 
tion. 



Buihds. 

644,000 
44,000 

176,000 

42,000 

48,000 

5,667,000 

198,000 

4,626,000 

24,000 

171,000 

342,000 

388.000 
78,000 

254.000 
62,000 
66,000 

852,000 

820,000 
74,000 

135,000 
16,000 
14,000 
12,000 
15,000 



14,290,600 



Average 
farm 
price 

Deoam- 
berl. 



Cents. 
65 
75 
70 
70 
75 
70 
75 
69 
69 
67 
78 
75 
71 
75 
73 
80 
65 
72 
7S 
80 
90 
88 
82 
80 



60.8 



Farm 
value De- 
camber 1. 



Dottars. 

419,000 
33,000 

123,000 

30,060 

36,000 

8,961,000 

149,000 

8,192,000 

17,000 

115,000 

210,000 

291,000 
56,000 

191,000 
45,000 
M,000 

554,000 

230,060 
54,000 

106.000 
14,000 
12,000 
10,000 
12,000 



«.9/5,0Q0 



Under favorable conditions, buckwheat will mature a crop of seed 
in from eight to ten weeks. It will grow at hijB^her altitudes and 
farther north than any other grain crop. It is not affected by 
diseases or insects, but is very sensitive to heat and drought The 
Japanese variety is the hardiest strain, which with Silver Hull and 
Common Gray are the types commonly grown in the United States. 
The flour is used principally for pancakes and as food for hens. Its 
average farm value is about $11 per acre. 

IMPOBTAKCB OF CEBEAL GBOPa 

On account of the relatively important position that cereal crops 
have occupied in the past and always will occupy in the agriculture 
of the world they have been chieflv discussed individually. The com- 
parative areas and value of cereals in the United States as compared 
with other field crops is shown in the following table compiled from 
the Twelfth Census by Hunt:* 



Area and value of field crops in the United States in 1899. 






•Area 
(acres). 


Valua 
of crops. 


Value 
per acre. 


Cereals 


184,994,688 


$1,484,231,038 
487,125,685 
28,308,228 
96,387,614 
19,876,200 
51,367,685 
390,879,965 
56,993,003 


$8.02 


TTay an<l forftm. 


61,691,166 

1,964,634 

2,938,952 

537,447 

855,995 

26,401,660 

1,101,483 


7.98 


I/Mnimes tor ^'e sepds 


14.36 


Tubers 


33.47 


Roots 


36.98 


Busar nlants 


60.01 


FtSrr^^:::::::::::::::::. :::::::::::::;:::::. .:...::::::.: 


11.02 


stimulants ...... r . 


51.74 







• The Cereals in America, by Thomaa F. Hunt, p. 3. 
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Of the total area in hay and forage crops, 6.7 per cent was devoted 
to clover, 50.7 per cent to tame and cuitivatea grasses other than 
clover, 6.8 per cent to grains cut green for hay, 5.1 per cent to forage 
crops, 3.4 per cent to alfalfa, 2.8 per cent to millet and Hungarian 
grasses, and 25.1 per cent to wild, salt, and prairie grasses. 

The acreage, production, and value of the eight cereals in 1899, 
and percentage of the total contributed by each, are shown in the fol- 
lowing table, taken from the Twelfth Census : « 



Grain. 


Acres. 


Bushels. 


Value. 


Percent 
of total 
acrea^. 


Percent 
of total 
yield. 


Percent 
of total 
value. 


Allom^wls 


184,994,588 


4,434,608,746 


$1,484,231,038 


100.0 


100.0 


100.0 






Com 

Wheat 


94,916,911 

fi2,588,574 

29,539,698 

2,054,292 

4,470,196 

807,060 

351,344 

266,513 


!79 
!52 
175 
i25 

577 

;i5 

10 
13 


82 126 
3C (20 
21 M 

1 »40 

4 '62 
(53 
•)13 
)40 


51.3 

28.4 

16.0 

1.1 

2.4 

.4 

.2 

.2 


60.1 

14.8 

21.3 

.6 

2.7 

.3 

.1 

.1 


55.8 
24.9 


Oats 


14.6 


Rye 


.8 


Barley 


2.8 


Buckwheat 


.4 


Rice 

Kafir com 


.6 
.1 



HAY AND POBAGE CBOPS. 

According to the last census, the total improved farm area in the 
United States in 1899 was 414,000,000 acres, of which nearly 290,- 
000,000 acres were in crops of all kinds. The difference, approxi- 
mately 125,000,000 acres, was probably devoted to pasture. This, in 
addition to the area utilized for cultivated grasses and forage crops, 
makes the area devoted to these classes of plants nearly 189,000,000 
acres — approximately 4,000,000 acres greater than that devoted to all 
the cereal crops combined. A considerable portion of this land, now 
in wild grasses and pastures, has in some States formerly been culti- 
vated to cereal and other crops and could now be utilized for that 
purpose, if necessary, or if such utilization were more profitable than 
their use for pasture. In some States a considerable portion of this 
land is mountainous or swampy and under present conditions would 
probably be utilized only for pasture and hay crops. The percentage 
of the land thus devoted to wild pasture and hay crops is shown in the 
census report and the statistics will therefore not be repeated here. 

The largest increase in the utilization of this wild-grass land for 
cultivated grasses and forage has occurred in the West and in the 
South. In the South the increase is due largely to the fact that large 
areas which were formerly in many cases under cultivation have been 
allowed to run wild for long periods, but with the general agricul- 
tural process of the South, the development of stock raising, and 
the diversification of crops, these lands are being utilized for culti- 
vated hay and forage crops. The production per acre in the Southern 
States has increased faster than the acreage, which is the result of the 
use of better agricultural methods, especially the more general use of 
leguminous crops and fertilizers. 

The rapid development of the use of unimproved grass lands for 
cuitivatea forage is coincident in nearly all the States with an in- 
crease in the live-stock interests, as shown by the census reports. The 

•Twelfth Census of the United States, 1900. Vol. VI, Agriculture, pt 2, p. 14. 

Digitized by VjOOQIC 



180 



REPORT OP NATIONAL CONSERVATION COMMISSION. 



general summaries, showing the acreagcf and value of hay and forage 
crops, compared to the value and acreage of all crops, and the acreage 
of improved land, is here included to show the very great importance 
of the hay crops :• 





Acreage of 
hay and 
forage. 


Acreage of 
all crops. 






Per cent of acreage of- 


states and Terrltortof. 


Acreage of 

improved 

land. 


AU crops 

In hay 

and 

forage. 


Improved 
land in 

hay and 
forage. 


The Unlt«d States o 


61,691,166 


299,821.549 


414,793,191 


21.3 


14.9 






North Central dJylslon 


35.676.042 
12,919,041 
7.051,123 
3,883,662 
2,161,201 


163.000,661 
24,683.365 
16,622,861 
56,233.143 
29,194,661 


222,314.099 
38,920.614 
27,155,681 
80,007,867 
46,100,226 


21.9 
52.3 
42.4 
69 
7.4 


16.0 


North Atlantlb division 


33.2 


Western division 


26.0 


South Centnl division 


4.9 


South Atlantio division 


4.7 








Value of 
all crops. 


Value Of 
hay and 
forage. 


Percent- 
age 
value of 
all crops 
In hay 

and 
forage. 


Average value 
per acre of— 


Percent- 
age of 
total 
value of 
hay and 
forage. 


States and Territ<vie8. 


AU 
crops. 


2?J 

forage. 


The United States « 


32,910,188,663 


1484,256,846 


16.6 


tlO.04 


r.86 


100.0 






North Central division 


1,373,021,966 
374,965,069 
192,668,844 
617^822,833 
330,370,926 


221,866.406 
141,959,434 
60,839.199 
30,663,233 
26,926,431 


16.2 
37.9 
31.6 
5.0 
8w8 


8.42 
15.19 
11.59 
10.99 


6.22 
]a99 
a63 
7.90 
13.38 


4.V8 


North Atlantic division 


29.3 


Western division 


12.6 


South Central division 


6.3 


South Atlantic division 


6.0 










_ 





• Data for .\la8ka nnd Hawaii included In totals for United States, but not in those for 
the 5 geographic divisions. 

The hay and forage crops are made up of a very large number of 
both wild and cultivated species. On the ranges of the West, and to 
a considerable extent in the North Central States and the Southern 
States, wild grasses enter into the composition of the hay, even on 
lands that are imder cultivation. There are about 3,500 Known spe- 
cies of true grasses, divided into about 300 eenera. Of this number 
there are in the United States 1,380 species (1,275 native and 105 in- 
troduced), divided among 165 genera. Scribner estimates that 38 of 
these grasses have earned a high reputation as hay grasses, 35 as 
pasture grasses, 14 as lawn grasses, and 24 as grasses tor wet lands, 
20 for embankments, and 19 for holding shitting sands, the same 
grass occasionally occurring in the different categories. 

In the census returns the true grasses are listed as (1) wild, salt, 
and prairie grasses, the total acreage amounting to nearly one- fourth 
of all the acreage producing hay and forage; (2) the millet and Hun- 
garian grasses, grown especially in the North Central and South Cen- 
tral divisions, but to some extent throughout the United States. The 
total area reported in this class of grasses was a little under 2,000,000 
acres, producing nearly 3,000,000 tons. 

Among the millets and Hungarian grasses the best known are tli^ 
foxtail or common millets, the broom-corn millets, barnyard millet, 
and pearl millet. The former are the most commonly cultivated, and 

•Twelfth CenBUB of the United States, 1900, Vol. VI, Agriculture, pt 2, p. 213. 
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all of them produce not only a large amount of forage but large 
quantities of grain. The millets are all hot- weather plants, but are 
exceedingly drought-resistant. They will grow luxuriantly on poor 
soils, but respond well to richer soils. Many of these grasses could 
be easily improved both for seed production and for forage and hay, 
but so far yery little attention has been given to them. 

Para grass — Recently Para grass, a South American Panicum^ has 
given excellent yields along the Gulf coast and in Florida. Its cul- 
ture is rapidly extending westward, especially in southern Texas. It 
"has a great advantage over Bermuda grass or Johnson grass, as its 
runners are on the surface and can be easily destroyed, whereas in 
the trasses mentioned the runners have a tendency to go rather deep, 
so mat they are difficult to eradicate from cultivated land and, 
for that reason, are much in disfavor. The Para grass, however, 
can not stand much cold at the present time. It will doubtless, how- 
ever, gradually be pushed farther north and may become one of the 
most valuable forage and hay grasses for moist or wet lands. In 
Florida Para ^ass has carried as high as 6 head of cattle per acre 
for eight months of the year. 

Guinea grass. — ^This is a closely related species introduced from 
Africa. It grows more as a bunch ^rass, is adapted to drier lands, 
.and is a highly prized grass, especially in Florida, Alabama, and 
Mississippi. 

Crah-grass. — ^The crab-crass of the South, though considerable of a 
weed, makes excellent volunteer forage and very good hay. 

Bermuda grass. — ^The most common lawn and pasture crass of the 
South is the Bermuda grass. It produces a very fine quality of hay, 
is an excellent sand and soil binding grass on account of its strong 
rootstocks, stands pasturing well, ana is quite resistant to cold. 

Bluegrass. — ^In the North the Kentucky bluegrass is the principal 
cultivated pasture grass and lawn grass. It is especially aaapted to 
limestone soils. 

Timothy and redtop. — In the North the principal hay grasses are 
timothy and redtop, the former adapted to the higher and drier lands, 
and the latter to tne moister situations. 

Other wild grasses. — In the West the principal wild grasses are the 
blue and white crama, mesquite, buffalo, and the bunch grasses, the 
big bluestem, and the western wheatgrass. A large numl^r of other 
genera and species, however, are of great importance as adapted to 
special conditions, especially to high altitudes, to alkali, and to with- 
stand drought, many of the most valuable species, like buffalo grass, 
curing as they stand on the ground, making an excellent winter feed. 

As previously stated, many of these wila grasses have been almost 
destroyed in parts of the range country, owing to overstocking, but it 
has been found that, if the range is rested and if the wild grasses are 
allowed to seed for a few years, they can easily come back to their 
former luxuriance. Observations made by Mr. Coville in connection 
with the Forest Service show that it is often necessary to keep the 
stock off the ran^ only for a short period, while the more importAut 
grasses are forming their seed. After the seed is formed, the range 
may be again used without serious injury to the grass flora. Taking 
advantage of this fact promises to be one of the most important ele- 
ments in range management. 
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Great improvements can be made by selection, not only in our 
native grasses, but in the introduced species. Their value and adapta- 
tion to certain areas can by this process be very greatly increased. 
Grasses respond also readily to fertilizers, especially to nitrogen and 
phosphates. 

Next to the legumes, the grasses are the most important soil-im- 
proving crops, provided a considerable portion of the stubble or the 
sod is occasionally turned under or allowed to rot on the ground, thus 
forming humus. Under these conditions in limestone soils, if the 
proper bacteria are present, large quantities of atmospheric nitro- 
gen are fixed by the bacteria, the carbon required in the process being 
furnished by the dead grasses. None of the grasses, however, so far 
as known, have symbiotic bacteria growing on their roots, as in the 
case of legumes. 

LEGUMINOUS FOBAGE CBOFS. 

Cloi'er, — Of the leguminous forage crops, the most important 
are the clovers in the Northeast and North Central sections, cowpeas 
in the Southeast and South Central States, and alfalfa in the West. 
There are about 250 species belon^ng to the true clovers, genus 
TrifoUum^ about 65 of which are native in North America, the great- 
est number being in the Western States. Many of these are ex- 
tremely valuable as elements in the native forage and as soil-improv- 
ing, nitrogen-fixing crops. 

The most valuable cultivated species, however, are the introduced 
varieties — red clover, mammoth clover, crimson clover, alsike, and 
berseem. Of these the red clover is the most important and the most 
widely cultivated. It has many strains as the result of cultivation 
under different conditions, but up to the present time very little 
attention has been given to selecting and adapting varieties to local- 
ities. 

Clover requires a well-drained soil containing considerable lime. 
It is extremely sensitive to acid reaction in the soil or to a lack of 
potash or phosphoric acid. It also requires, like the other legumes, 
certain types of bacteria, which form nodules on the roots and secure 
nitrogen from the air for the use of the plant. Occasionally these 
bacteria are not present in the soil or are of reduced vitality or 
nitrogen -fixing power, and clover fails to do well until the soil is 
reinoculated. 

In the South a root and stem disease has destroyed large areas 
of red clover, and the disease, living in the soil, prevents the growth 
of clover on those soils. The Tennessee station has found that 
strains resistant to this fungus can be developed, and such selected 
strains of clover g'ow well in soils where tne ordinary types die 
out completely. The large number of species of clovers which 
hybridize readily makes it possible to produce strains adapted to a 
very wide range of conditions and agricultural requirements. 

Crimson clover is cultivated especially in the South Atlantic 
States north of the cotton belt ana south of the fortieth parallel. 
It is grown principally as a cover crop in orchards for soil improve- 
ment. 

In the Southern States the principal legume grown for hay and 
for soil improvement, as well as for the seed, is the cowpea. There 
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is a large number of varieties of cowpea, probably originally de- 
veloping from a single species, Vigna sinensis (a l)ean rather than 
a pea). Unlike the clovers, the cowjpeas are well adapted to soils in- 
clmed to be add, but are, nevertheless, prolific nitrogen fixers, pro- 
vided they are supplied with the proper bacteria. The cowpea, how- 
ever, is peculiarly subject, on light soils, to attacks from the nematode 
rooiw<M*m, causing galls oa the roots, and to a disease known as wilt. 
The culture of varieties susceptible to these diseases is likely to infect 
the soil to such an extent that other crops sensitive to these diseases 
can not be developed, and even the peas themselves fail to grow. The 
only crops not injured by root-knot are the grasses and grains. The 
disease is very injurious to vegetables, fruit trees, and cotton, and 
many thousands of acres have been practically ruined for these 
crops by the development of nematodes in connection with the 
cowpea. As the cowpea, however, is absolutely essential as a soil- 
improving crop, it was necessary to find a strain resistant not only to 
the nematode But to the wilt. This was accomplished in the variety 
.known as '^ Iron," which is extremely resistant to both diseases and 
can be used with perfect safety on soils infected with the diseases or 
without danger of introducing disease to soils not infected. The 
Iron cowpea, therefore, is the key to the improvement of Hie lighter, 
sandy soils in practically all the Southern States. Its resistant 
quabties have now been bred into a number of other strains of 
cowpea, but these have not yet c(Mne into commercial use. It is pos- 
sible, however, to produce resistant strains which give high yields of 
hay and seed and which are adapted to the various locahties. Much 
interest is now being taken by experimenters in this work. 

Alfalfa or lucem {Medicago sativa). — ^This is the most important 
leguminous hay and forage plant of the West. It was introduced 
into California from Chile in 1854, and spread first through the irri- 
gated sections. Some of the varieties are especially adapted to. irri- 
gated lands, on which they give extremely high yields. It has been 
grown more or less in every State of the Union, although it is only 
in the West and Southwest that its culture has reached large pro- 
portions. Until very recently alfalfa was supposed to be practically 
one species, but more careful study has shown that there are probably 
several species and a very larse number of varieties, much of the com- 
mercial seed beinff considerably mixed. 

The ordinary alfalfa or purple lucem is widely cultivated all over 
Europe and Asia and has hybridized to some extent with other spe- 
cies native in those regions, especially with theyellow form, Medi- 
caao falcate^ growing in the north of Europei Tne latter species has 
yellow flowers and is extremely cold resistant These hybrids, known 
as Medicago media^ combine the fine hay qualities of the ordinary 
alfalfa with the cold and drought-resistant qualities of the yellow 
northern form and are thus much better adapted for growth in such 
localities. Some of these hybrids are known under the common 
name of sand lucem and are found to be well adapted to northern 
Michigan, Minnesota, the Dakotas, and Montana. A similar inter- 
mediate form has been found in Turkestan, and is probably a hybrid 
betwem the yellow form of northern Sibwia and the dry-land strains 
of the ordinary alfalfa growinc: in Turkestan. 

Alfalfa adjusts itself to climates and soils with considerable 
facility and, where it has long been cultivated under peculiar climatic 
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conditions, it adapts itself to these conditions. Extremely valuable 
sorts or strains may thus be secured from many Old World localities, 
and these strains when introduced into similar conditions in the 
United States are proving of more value than the ordinary unad- 
justed or unadaptea sorts. It is absolutely essential, however, in in- 
troducing these strains to know the exact conditions to which they 
are adapted ; otherwise they will simply break up and require ac- 
climatization again. An American adaptation of this kind has been 
found in northern Minnesota and has been distributed under the 
name of Grimm alfalfa. This is an acclimatized strain of ordinary 
alfalfa, possibly having a slight admixture of the northern y^ellow 
species falcatou In any case, it is an extremely valuable cold-resistant 
sort. 

A strain of alfalfa secured in an oasis of the Sahara Desert is ex- 
tremely alkali resistant and may prove valuable for such locations. 

A careful study of the varieties and adaptations of this important 
class of leguminous crops is now being made bv the Department of 
Agriculture, experiment stations, and practical farmers, and great 
improvements will undoubtedly soon be made in the adaptation of 
tiiese varieties to varying conditions. There is no doubt that strains 
well adapted to culture in the Eastern and Southern States can be 
developed. The alfalfas are perennial, deep-rooted crops, strong 
nitrogen fixers when supplied with the proper oacteria, and extremely 
valuable not only for forage and hay but as soil improvers, making 
large amounts of humus and fixing large quantities of atmospheric 
nitrogen. 

The nodule bacteria adapted to alfalfa are rather more sensitive 
to unfavorable soil conditions than the types adapted to other legumes, 
and greater difficulty is therefore found m inoculating seed for sow- 
ing in areas where the germ is not present. For this reason inocula- 
tion with soil has proved more certain in many cases than culture 
inoculation, and where soil can be obtained free rrom injurious weeds 
or diseases this method is to be recommended. 

The worst pests of alfalfa, however, are weeds, especially the dod- 
ders and wild barleys and other grasses. The alfalfa leaf-spot and 
anthracnose (the same disease which attacks clover) are often quite 
destructive in the Southeastern States, where root nematodes also do 
considerable damage to this crop. In the Southwest the root-rot, 
Ozonium^ which attacks cotton, also attacks alfalfa, and, as all these 
pests are readily distributed through soil, it is considered a dangerous 
practice to distribute soil for the purpose of inoculation, except from 
very carefully controlled fields, which are hard to find. The Depart- 
ment of Agriculture supplies pure cultures, and witli a little care 
these can usually be made to work satisfactorily. Wherever sweet 
clover grows the sweet-clover germ present in the soil works satis- 
factorily on alfalfa, so that inoculation is not usually necessary. 

The vetches. — ^Two of the twenty or more species of vetches have 
been used considerably in this country as cover crops and for soil 
improvement and hay — spring vetch or tare {Vicia sativa) and the 
winter, hairy, or sand vetch (Vicia viUosa). The former is cultivated 
to some extent in New England and in Washington, Oregon, and 
California. The winter vetch, or hairy vetch, is much better adapted 
to the agricultural requirements of a winter cover crop than the 
former species and is coming to be widely used for that^purpoae. 
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Very cold-resistant strains of this winter vetch have been introduced 
from northern Europe and have been adjusted to the conditions in 
New England. It also grows quite successfully through the Middle 
States and the South. It produces a mass or fibrous roots, which 
when inoculated produce abundant root tubercles. It does not seed 
well unless inoculated. Although it doe-s best on good soil it makes 
an excellent growth on poor sandy, gravelly soils, where it produces 
a heavy growth of nodules. 

The importance of inoculation on poor soils is shown by the results 
secured at the Alabama station. Without inoculation it produced 
only 232 pounds of hay per acre, but with inoculation it produced 
2,540 pounds. At the Cornell station over 6,800 pounds of air-dried 
forage per acre were produced in three months, and even higher 
yields than this have been produced in many localities. This winter 
vetch is not only cold resistant, but also resists drought and is not 
subject to serious injury from diseases or insects. It is, therefore, one 
of the most promising of our winter cover crops both from the stand- 
point of soil improvement and forage as well as hay. 

Other vdluahle legumes, — In the cotton States the velvet bean 
(M'ucuna utilis)^ the Florida beggarweed (Desmodium tortuosum) ^ 
Japan clover {Lespedeza striata)^ and the bur clovers {Medicago 
maculata and J/, denticulata) are aH valuable cover crops. 

A large number of other legumes, both native and introduced, are 
being experimented with by department and experiment station work- 
ers, and it is believed tnat leguminous cover crops and soil-im- 
proving crops can be found for every locality and condition required. 
These, with the proper bacteria present, ought to supply not only the 
soil humus so necessary to the maintenance of fertility, but they 
should fix from the atmosphere the nitrogen required for our other 
cultivated crops and grasses. The improvement of these leguminous 
cover crops is rapidly being pushed, and as agricultural conditions 
settle down to greater permanence their use in rotations will be greatly 
increased. 

In this connection should be mentioned also legumes grown for 
seed. These are also valuable soil improvers, as, after the seed is 
gathered, the hay can either be used lor stock feeding or turned 
under. All of the legumes already mentioned are more or less grown 
for seed, but in addition to these the common pea in its various varie- 
ties, the cowpea, the soy bean, peanut, and horse bean (Vicia faha) are 
all largely cultivated. There is a very great number of varieties of 
these crops adapted to different conditions, all of which can be very 
greatly improved by breeding and selection. 

SXTGAB-PBODUCING CBOPa 

Sugar heets. — Of the root crops the most important are the various 
varieties of beet. Some of the white varieties of beet contain high 
percentages of sugar and are cultivated under the name of sugar 
fleets, especially in the North Central and Northwestern States, where 
the days are cool and bright. Formerly the seed for the highly 
selected strains of sugar beets was imported, but in late years, through 
the effors of the Department of Agriculture, strains have been de- 
veloped specially adapted to the northwestern conditions, which give 
better results than imported seed. ^ I 
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The principal drawback to sugar-beet culture in the United States 
is the large amount of hand labor required in thinning the beets, as 
the seed balls have from two to five germs in each ball and all but one 
of these has to be broken off after the seed sprouts. The department 
has under way a breeding experiment for tne production of single- 
germ seeds, so that each oall will produce but one sprout. Strains 
have already been secured which produce more than 60 per cent of 
these single-germ balls, and it is believed that ultimately strains of 
high sugar-producing sorts of beets can be developed which can be 

Slanted by machinery and thinned by machinery, thus greatly re- 
ucing the amount of labor in the culture of this crop. "WTien this is 
accomplished, the industry of sugar-beet Rowing in the United 
States will be veiy greatly stimulated, and it is possible that not only 
our home demand ^r sugar can be supplied but that we can compete, 
in the foreign markets. 

Sugar cane. — The sugar cane of the South is also an important 
sugar-producing plant, out very little attention has yet been given 
to its improvement From the results of work done in the West 
Indies and to some extent by experimenters in this coimtrv, it seems 
probable that considerable improvement can be made in the produc- 
tiveness and unformity of American cane. 

The soil and climatic conditions of Louisiana and the cane-growing 
sections are not as favorable to the growth of this crop as are those 
of Cuba, Porto Rico, Hawaii, and other tropical islands. The cost of 
drainage and the occasional cold waves, the high cost of seed cane, 
and the lower yield per acre in Louisiana, make the cost of sugar per 
pound very much higher than in the other countries named. Unless 
some improvement can be made in the methods of handling this crop 
in the Soutiiem States it is doubtful if it can do much more than hold 
its own in competition with other cane sections now in possession of 
the United States. As shown by the census reports, the development 
of the sugar industry in Hawaii has been pnenomenal since close 
trade relations have been established between the islands and the 
United States. With the development of irrigation works it is prob- 
able that considerable land not now cultivated can be brought under 
cultivation for cane and that the amount of su^r supplied by the 
islands can be considerably increased. The same is also true in Porto 
Rico, the Philippines, and Cuba. 

According to the latest statistics gathered by the Department of 
Agriculture, the production of the cane sugar appears to be about just 
holding its own n*om year to year, while the production of beet sugar 
has considerably more than doubled in six years. The total annual 
consumption of sugar in the United States has reached nearly 
3,000,000 long tons, and about 80 per cent of this is imported eitiier 
from foreign countries or from the insular possessions of the United 
States. The total consumption of sugar has increased about 140 per 
cent, while the per capita consumption has increased 52 per cent since 
1884. It is evident, therefore, that there is great opportunity for 
the development of the sugar industry not only in the United States 
but in our insular possessions. 

Sacc?iarine sorghums. — Another source of possible sugar produc- 
tion on the basis of farm crops is in the utilization of the saccharine 
sorghums. These have already been briefly referred to and attention 
called to the difficulties of obtaining from sorghum cane cheaply a 
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good quality of sugar. The juice of the sorghum cane, as extracted by 
the mill, shows, in addition to su^r and water, considerable starch, 
dextrine, and soluble salts, which mterfere with the crystallization oi 
the sugar. Some of the better quality of cane, however, contains over 
12 per cent of cane sugar and only 0.6 per cent of glucose. Almost no 
attention, however, has ever been given to the question of the careful 
breeding of canes for the purpose of cane-su^r production. With 
improvements in the methods of extraction wmch nave been made in 
the past few years, especially through the efforts of the Department 
of Agriculture, and with the improvements which will be entirely pos- 
sible as the result of careful selection and breeding, it is believea that 
the growing of sorghum cane for su^r will in the future be fully as 
profitable in the Southern States as the culture of beets in the North- 
em, and this crop may be considered as one of the important poten- 
tial sugar crops of the United States. The cane is now cultivated in 
small areas on nearhr 500,000 farms in the South, but it is used prin- 
cipally for sirup. These figures do not include a considerable acreage 
or the saccharine sorghums ffrown for foraee. Nearly 17,000,000 
gallons of sirup were produced in 1899, valued at over $5,000,000. 

Maple, — According to the last census, the quantity of maple sugar 
made in the United States in 1899 was nearly 12,000,000 pounds and 
over 2,000,000 gallons of sirup. 

riBEB CBOPS. 

Practically all of our cultivated plants produce more or less 
valuable fiber. The immense quantities of cornstalks now going to 
waste, in addition to what are used for other purposes, produce very 
valuable fibers for paper manufacture, and recent investigations and 
discoveries have led to the belief that the stalks may possibly be 
utilized to replace wood pulp now largeljr used in cheap paper manu- 
facture. A method of separating the pith from the fiber cells has 
recently been discovered which appears to make the utilization of 
stalks for this purpose practicable. 

Flax. — The oldest of our fiber plants is probably flax. Flax culture 
was early introduced into America, but nas always been conducted 
along the most primitive lines. The farm methods have been crude 
and very irregular; the crop was grown year after year on the same 
soil without rotation, so that even at the present time the crop has 
no permanent place in the agriculture of tne country. It is usually 
grown on new land for one year, sometimes two, after which the 
soil is said to be " flax sick " or exhausted, and the crop is moved to 
a new area. In this way it has been an important crop in a number 
of the old^r States, gradually moving westward to new lands, and 
is now centered in North Dakota and South Dakota. 

The total area of flax in the United States is in the neighborhood 
of 3,000,000 acres (1907). There is considerable fluctuation in the 
acrea^ from time to time. In 1903 it was approximately 3,700,000. 
In this country flax is grown almost entirely for its seed for the 
purpose of extracting the oiL Between 25,000,000 and 30,000,000 
bushels are annually produced, with an average yield fluctuating be- 
tween 8 and 11 bushels per acre. 

One of the principal reasons that the fiber has not been utilized 
has been the fact that the crop must under present agrkjultural r' 
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ditions be grown on new land, and for that reason the center of pro- 
duction has been in constant movement from year to year. It has 
now been discovered, however, tihrough the work of the North Dakota 
Experiment Station that flax sickness is not due to the exhaustion 
of the soil, but to the presence of one of the wilt fungi, a parasite 
which getting into the roots destroys the plants. This wilt fungus 
is very closely related to the one causing the wilt of cowpeas, cotton, 
and other crops in the South. A strain of flax resistant to this disease 
has been developed and produces excellent crops on infected soils 
where the ordinary flax will not grow. This promises to establish 
flax culture upon a firm basis, and, with the development of general 
farming systems, including rotation methods, and improvement of 
the fiber (Qualities of the flax, it is believed that strains valuable not 
only for oil but for fiber can be very profitably grown, at least in the 
moister portions of the North Central States. 

The finest varieties of fiber require rather moist air and soil not 
subject to severe drought, and with a high humus content. It is 
probable, therefore, that the finest fiber flaxes will be produced in the 
moister portions of the country, while the oil or seed flax may be 
more successfully grown in the drier sections. However, even the 
straw in the drier regions can be utilized for tow, for paper pulp, 
binder twine, crash toweling, bagging, etc., and, as the mdustry be- 
comes more stable, factories are developing to utilize the waste straw 
in this way. 

COTTON. 

The fiber plant of greatest importance, not only to America but to 
the entire world, is cotton. There are about 24 recognized species 
of cotton in different parts of the world. Many of the species cross 
readily, so that wherever they have been brought together there' are 
many intermediate types. The American Upland cotton, which con- 
stitutes the bulk of the cotton of the world, comes from a species 
{Gossypium hirsutum) native in Central America. The plant is a 
perennial but both in its native habitat and in the United States it is 
cultivated as an annual. 

Sea-Island cotton, — ^The Sea-Island cotton, G. harbadense^ is ap- 
parently indigenous in the West Indies. It is of larger growth than 
the upland cotton and has a much longer and finer fiber. Its culture 
is practically limited to the moister coast regions of the South At- 
lantic States, the finest grades of it being produced on the sea islands 
in the neighborhood of Charleston and in the more healthful portions 
of the coastal plain in Alabama, Georgia, and northern Florida. 
The average production for the past seven years has been about 94,000 
bales annually. The plant requires the most careful selection in order 
to maintain the high (juality of the fiber. A few years ago many of 
the finest soils for this plant in the sea islands became unprofitable 
for tiie CTowth of this crop, the cotton dying before maturity. This 
was at first supposed to be due to the exhaustion of the soil in some 
particular, but investigation showed it to be due to a wilt fungus 
similar to that attacking cowpea, and resistant strains of Sea-Island 
cotton were bred which produced excellent crops even on the worst 
infected land. This again placed the industry on its feet, but the 
growers in the sea-island region have combined and allow no seed of 
their selected strains to be sold outside the district. 
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The sea-island growers outside the district have not been so pro- 
gressive in the matter of selection, but are waking up to the necessity 
now that they can not secure seed from the Charleston district. 
Through the efforts of the Department of Agriculture it has been 
demonstrated that the strains for inland culture can be improved in 
the same maimer as the Sea-Island strains and that wilt resistance, 
which is as fully if not more important in tlie interior districts, can 
be developed and maintained by selection. 

The demand for Sea-Island cotton is somewhat limited, and ex- 
cessive stimulation of production is therefore not desirable, as much 
reduction in price would make the crop unprofitable owing to the 
great care required in its production. 

Egyptian cotton. — ^A closely related type of cotton, if not the same, 
is the Egyptian. The Egyptian cottons are cultivated principally 
in Egypt, but considerable quantities are imported into this country 
for special uses. The plant has now been acclimatized in the irri- 
gated regions of the West and yields an average of a bale to the acre 
of a very good quality of fiber, but has not yet reached the stage of 
commercial production. About 100 bales will be marketed during 
the present season. 

Long-staple Upland cotton. — ^The only other long-staple cottons 
produced in the -United States are the so-called long staple Uplands 
now ^own mainly in the alluvial delta region or Mississippi and 
Louisiana and to a limited extent in the rich valleys of the Red River 
in Texas and Louisiana and in similiir localities in other cotton 
States. The crop of these cottons constitutes about 100,000 bales. 
The ori^n of the long-staple Uplands is probably the result of hy- 
bridization between the ordinary Upland cotton and the Sea-Island 
species. A number of fairly well-known strains are now in culture — 
Allen Hybrid, Allen Improved, Cook, Doughty, Griflin, Improved 
Long Staple, Mathews, Moon, and Columbia Hihe latter developed 
by me Department of Agriculture), Peeler, Southern Oak, Sun- 
flower, ana other varieties. Little attention has been ^ven to the 
development of long-staple strains, as the premium paid for them 
has not been sufficient to warrant. The Sea-Island blood in them has 
had a tendency to make the long-staple strains rather late in ma- 
turing, which has not up to the present time been a drawback, but 
now mat the boll weevil has such a firm foothold it will either be nec- 
essary to develop strains of the long staples of quicker maturity than 
those now grown or give up the culture of these cottons altogether, 
as production in the presence of the weevil demands quick maturity. 
The department has aeveloped some hybrids between Upland and the 
long staples which appear to be as quick maturing as the Uplands 
ana have done well in the river bottoms of southeastern Texas, ma- 
turing sufficiently early to escape serious injury from the weevil. 

Upland cotton. — ^The great bulk of American cotton, however, as 

{)reviously stated, comes from the Upland sorts, of which there is a 
arge number. Cotton adjusts itself gradually to variations in soil 
and climate, and to secure the best results it is necessary to carefully 
select and breed seed in the region where it is to be grown. Almost 
no attention, however, has been given to this matter in cotton culture. 
The practice has been to get seed from the gin, and therefore mixtures 
of different strains were secured, often of poor quality and low 
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yielding power, with the result that the average yield throughout the 
cotton States is very greatly below what it could easily be made by a 
little care in the selection of seed and the adaptation of the strains 
to the conditions of culture. Since the advent of the boll weevil 
much more attention has been ffiven to this subject, and strains 
have been developed and improved both for quick-yielding and matur- 
ing qualities as well as for high quality of fiber or lint. Quick-matur- 
ing strains, like Triumph and King, have given very satisfactory 
yields even in the presence of the boll weevil, maturing the crop early 
enough to escape serious weevil injury. 

In the original home of the American Upland cottons it has been 
found by department investigators that there are varieties of cotton 
having adaptations whidb enable them to resist weevil attack. The 
more promising strains of these have been brought into the country 
and are being tested both for their use in breeding and for their 
individual value for cultural purposes, and as these types were the 
originals from which the American cottons came, it is probable that 
some valuable characters can thus be secured, especially along the 
line of avoiding weevil injury. 

Upland cotton is also subject in the Southeastern States in sandy 
soils to the same disease that attacks the Sea-Island cotton, namely, 
the wilt. The disease is quite widely spread and annually causes a 
large loss. Two types of Upland cotton resistant to this disease have 
been developed and are now being distributed by the department. 
These types give excellent yields on soils infected with the disease, as 
well as on otner soils. 

Cotton responds readily to selection and to better cultural methods. 
For many years the crop has been grown without rotation and with 
very shallow and imperfect cultivation and the use of large quantities 
of commercial fertilizer. All of these practices have resulted in the 
depletion of the soil humus to such an extent that the soil now packs 
and washes badly in nearly all the cotton States. It has been demon- 
strated, however, by good farmers and by numerous experiments by 
the state stations and the Department of Agriculture, that the plow- 
ing under of legumes and the use of barnyard manure and winter 
cover crops will quickly improve the soil by increasing its humus con- 
tent, so that with much less commercial fertilizer it will produce more 
than double its present yield of cotton. These methods, coupled with 
more attention to the selection of seed, could easily raise the yield of 
cotton to more than double the present figures on the same acreage, 
and at the same time produce a number of other valuable money crops 
in rotation. 

The United States now produces nearly 11,000,000 bales, which 
is more than 65 per cent of the total cotton crop of the world ; Brit- 
ish India produces something over 2,000,000 bales, a little over 14 
per cent of the world's crop; Egypt produces a little over 1,000,000 
bales, nearly 8 per cent of the world^s crop; Russia, China, Brazil, 
Mexico, Peru, Turkey, Persia, and several other countries produce 
small amounts of more or less special types, for which there is a com- 
paratively small demand. It is not probable that any other country 
will ever seriously compete with the American Upland cotton, espe- 
cially if some attention is given to the improvements above suggested. 

MisceUaneoiis -fiber plants. — A large number of other filers, in- 
cluding hemp, jute, ramie, etc., could be produced and are grown 
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to some extent in the United States, but their importance has not 
been sufficient up to the present time to make them compete with 
other more valuable crops. Hemp is the most important of these 
and is grown to a considerable extent in Kentucky. 

DBUG AND MEDICINAL PLANTS AND NABCOTIG& 

The culture of drug and medicinal plants has not been developed 
extensively in the United States, but interest in this class of crops 
has been growing in recent years. 

Camphor, — It has been snown that camphor can be profitably 

Eroduced in Florida, the Carolinas, and possibly in Texas, and the 
Bginning of an important industry in tie growth of this tree is 
now apparent. 

Opium poppy. — The culture of the opium poppy, which has here- 
tofore been confined in this country simply to the production of 
poppy seed, will be stimulated to some eirtent by the discovery of a 
direct process of extracting morphine from the capsules, leaving out 
entirely the opium stage, which is so objectionable. This industry 
will be beat adapted to the sections where the poppy is now grown 
principally for seed, namely, California, Oregon, and Washington. 

Other drug plants. — ^A large number of other native and intro- 
duced drug and medicinal plants have been tested in different sec- 
tions of the coimtry and small industries in their culture will doubt- 
less soon develop. 

Tea culture. — Of the narcotics, tea has been commercially produced 
in South Carolina, and the extension of its culture will depend 
largely upon the developmwit of machinery to supplement hand 
labor and reduce the amount of hand labor required. This has now 
been accomplished in practically all of the curing processes, and 
one of the department experts has about completed a pruning ma- 
chine, and a picking machine will soon be developed which will 
practically reduce the production of tea to a machine basis. When 
this is accomplished it ought to become as important a crop in the 
South as tobacco. • 

Tohacco. — At the time of the discovery of America, tobacco was 
used for smoking, for snuff, and for chewing by nearly all the tribes 
of Indians in North America and Central and South America, in- 
cluding the West India Islands. There are about 50 species of the 
genus Nicotiana found in the wild state. All but two of these are 
found in America. The culture and use of tobacco undoubtedly 
originated in very early times on this continent, and from the earliest 
setuement it has been an important crop in several of the New Eng- 
land, Central, and Southern States. Practically all of the cultivated 
agricultural varieties originated from the species Nicotiana tabacvm 
from South America. It is possible, however, that some of the 
strains may have the blood of a species which grows wild in Con- 
necticut, New York, and Colorado, N. rustica. In the early days of 
the industry, especially in Maryland and Virginia, tobacco was 
grown year after year on the same land until the soil failed to give 
profitable returns, when the land was abandoned and allowed to 
grow up to brush and wood. Many thousands of acres of such old 
abandoned tobacco farms are still to be seen in these States now 
mostly covered with old field pine. 
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As tobacco is cultivated for the texture, size, and quality of the 
leaf, it is very greatly influenced by conditions of soil and climate, 
and the greatest care has to be exercised in the selection of soils for 
the pro(ftction of the finer varieties^ especially the cigar tobaccos. 
Most of the varieties now in cultivation are adaptations to peculiar 
soils and climates, and through long culture have come to be well- 
established types adapted to different uses. Among these may be 
mentioned the cigar-wrapper types, the cigar fillers, the chewing 
and plug, and the heavy export types. 

Or the cigar- wrapper tobaccos me so-called Sumatra type, which 
produces a medium-sized, thin, elastic leaf when grown on light well- 
drained soils in the Connecticut Valley, Florida, and southern 
Georgia, is tiie standard. This variety produces the best ^ade of 
domestic cigar wrappers. It is grown under shade extensively in 
Florida and southern Georgia, and recently types have been secured 
which give satisfactory results in Connecticut. The so-called" Uncle 
Sam Sumatra," which is a strain of this type produced by the De- 
partment of Agriculture, is said to be the most uniform and highest 
yielding strain of Sumatra ever produced and is now cultivated 
extensively in Florida and to a considerable extent under shade in 
Connecticut. Connecticut Havana is a variety largely used for cigar 
wrappers and binders and the poorer leaves for fillers. It is adapted 
to light sandy soils when ^own for wrappers, and to clay soils when 
grown for fillers. The light soils make the leaf thin and elastic, 
while the clay soils make the leaves heavier, thus producing a lear 
better adapted for fillers. The Connecticut Broadleaf or Connecti- 
cut Seedleaf is a tvpe very largely grown in outdoor culture in Con- 
necticut and is adapted to sandy loam soils. The leaves are very 
broad, thin, and elastic and have small veins. The quality of 
wrapper and binder secured from this type of tobacco is not as good 
as tnat from the other types mentioned, although it has high yield- 
ing power and its adaptability for culture under northern conditions 
makes it a very desirable leaf for Connecticut, New Hampshire, Ver- 
mont, New York, Pennsylvania, Ohio, Wisconsin, and to a small 
extent in other States. Its quality has recently been very much im- 
proved in certain hybrid type^ between this tobacco and the Havana 
developed by the Department of Agriculture. It is believed that 
these new hybrids, which are now beginning to be grown in Con- 
necticut and New York, will ultimately replace the old tjrpes. 

Of the cigar-filler tobaccos the Cuban variety is the leading type 
adapted to sandy soils with a clay subsoil; has a small leaf of fine 
texture and produces a fine flavor and aroma. In the Connecticut 
Valley this type is also grown under shade for wrappers as well as 
fillers. Zimmer Spanish, which is probably a hybrid between the 
Connecticut seed leaf and a Cuban variety, is the principal cigar-filler 
tobacco grown in the Ohio Valley and Wisconsin. 

Of the plug tobaccos the White Burley, the Orinoco, and Yellow 
Mammoth, and the Virginia tobaccos. Blue Pryor, Sun-Cured, and 
White Stem, are the leading types, grown especially in Kentucky, 
Ohio, Tennessee, and North Carolina. 

Of the pipe tobaccos the bright yellow types of North Carolina 
and southern Virginia are leading sorts. These tobaccos are produced 
only on light sandy soils. On heavier, richer soils they produce a 
dark-curing leaf. The demand for this type of tobaccos is rapidly 
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iBoreasii^, especially for export. The Maryland smoking tobaccos 
are largdy ezpoit tobaccos. They develop best on day lofun and 
sandv soils. Tne leaves are thick and coarse in texture. The variety 
was discovered in Maryland when the first settlers explored the region 
and has extended from Maryland to Virginia and Pennsylvania^ and 
from this type quite a number of important strains have developed 
in these States. 

In recent yeairs ereat attention has been given to the fertilizaticm 
of tobacco, especiafly the finer wrapper and filler sorts. On account 
of the influence of soil on the quality of the leaf the tendency has 
been in all the areas producing the finer wrapp^ and filler tobaooos 
to ^row the cn^ continuously upon the same land without rotation, 
and, although great care is used in the composition of the fertilizers, 
the tendency has been to use excessive anK>unts. The wrappn^ and 
filler types of tobacco do not grow to tiie best advantage on soils rich 
in carbonates, so that soils very rich in lime have to be avoided for 
this class of tdbacco. In the CJonnecticut Valley the extensive use of 
carbotiate of potash and other fertilizers containing carbonates has 
resulted in the accumulation of these to such an extent in the soil 
that the feeding roots of the tobacco have been slightly injured, mak- 
ing them sensitive to a fungous disease, which in the past few years 
has greatly reduced the yidds ovot large areas. The fungus occurs 
commonly in leaf-mold and decaying orgacdc matter and to some 
extent on injured roots of tobacco, but does no harm except whem the 
«oil beoemes decidedly alkaline. It has been found that by using no 
lime on the diseased fields, applying pota^ in the form of the sul- 
phate and using phosphoric acid in the form of the acid phosphate or 
dissolved bone, the alkalinity is overcome and the disease prevented. 

The method of culture and fertilization followed has also in many 
soils very greatly reduced the humus content. This in some cases 
has been partially avoided by the use of barnyard manures, but on 
the finer types oi leaf these manures stimulate too rank a growth. 
Experiments conducted in the past few years by the department have 
demonstrated that hairy vetch used as a winter cover crop for tobacco 
soils greatly improves tne leaf texture, supplies the necessary nitrogen 
and humus, and iniproves the soil greatly for the production of the 
better types of leafT Yields of over 7 tons of vetch per acre have 
been secured from inoculated seed. The nodule organism for vetch 
is not found in tobacco soils generally and the crop does not g^ve 
good results except where tfie germ is supplied. Tooacco following 
uninoculated vetch shows but little advantage over that following 
a cover crop of rye. In comparative tests the inoculated crop yielded 
7 tons as compared with the yield of 2 tons uninoculated, and the 
nitrogen content of the inoculated crop was very much higher than # 
that of the uninoculated. Where a suflScient supply of humus is 
present in the soil the tobacco crop is not only larger but better in 
quality and more uniform. 

In the South a bacterial disease has accumulated in some of the 
tobacco soils as a result of continuous culture without rotation, and in 
SMne places root nematode has developed to such an extent that the 
soils will no longer produce a profitable crop. In the latter case a 
resistant strain of tobacco has been produced by selection which grows 
well on nematode infected soils, but no strains resistant to the bac- 
terial disease have yet been secured. The same bacterial disease also 
72639—8. Doc. 676. 60-2, vol 8 ^13 
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attacks potatoes and tomatoes, which are among the profitable crops 
grown on the same soils in Florida. It is useless, therefore, to rotate 
with these crops where this disease is present. 

In the areas growing heavier types of tobacco, especially in Mary- 
land, Ohio, Kentucky, Virginia, and the Carolinas, the principal 
problems involved in the improvement of the crops are along the line 
of rotation. The tendency is to cultivate tobacco too long upon the 
same land without rotation and without proper fertilization. The 
experiments conducted by the department have shown that the yield 
can be very greatly increased by rotation systems and by the use of 
fertilizers where the lands are deficient in any of the necessarv ele- 
ments, as thev often are in nitrogen, potash, and phosphoric acid. In 
all sections the experiments have shown that great improvements can 
be made in the tobacco crop by careful selection. Tobacco is cross- 
fertilized by insects, so that in order to secure uniformity in product 
it is necessary to prevent insect visits to the flowers. In view of the 
fact that the tobacco is perfectly self-fertile, this is easily accom- 
plished by bagging the nower stalks before the flowers open. In 
this way^ by carefully selecting the mother plants, it is possible to 
produce improved strains of ffreat imiformity, and as a few plaiits 
produce all the seed required for a large crop, the use of this bagging 
system, introduced by the department several years ago, has already 
resulted in the development of strains of superior quality and much 
higher yield. 

The work of the department has also demonstrated that it is pos- 
sible to separate the light from the heavy seed in order to produce 
greater uniformity. A simple device for this purpose has been 
patented by the department and is now in wide use among the tobacco 
growers. 

Great improvements in the quality and quantity of the marketable 
crop have been secured by better methods of curing and fermentation. 
A discovery made by one of the department experts of the relation 
between nicotine and the quality of tobacco has shown that the sharp 
bitingquality which the leaf often has is due to an excess of free nico- 
tine, and that in tiie better types of tobacco, although the total nicotine 
may be e^ual to or higher than the biting types, it is combined with 
an organic acid^ usually citric or malic. Spraying the leaves during 
fermentation with a dilute solution of these acids, sufficient to neu- 
tralize the free nicotine, greatly improves the quality of the fermented 
product in cases where the normal citric acid content of the leaf is 
not sufficiently high to accomplish this. 

The production of wrapper and filler tobaccos has been rapidly 
extended of late years in Florida, Georgia. Alabama, and Texas. 
Many farmers have gone into the culture ot this crop without due 
consideration of the difficulties involved. The result has been that 
in the last two years, especially, large quantities of low-grade leaf 
have been produced— due in part also to unfavorable seasons — and 
much of it still remains in the hands of the farmers, there beinc no 
sale except for the better qualities. This illustrates the danger or too 
rapidly expanding the culture of a crop reauiring such skill and 
judgment as the production of tobacco of the nigher grades. 

Tne total acreage of tobacco in the United States has considerably 
decreased since 1903, the 1907 area being about 200,000 acres short 
of the acreage for 1903. The average yield per acre, hewever.Thas 
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gradually increased, though the total production as the result of 
decreased acreage is slightly less than in former years. The average 
farm price per pound, however, has gradually increased. The domes- 
tic exports have remained fairly constant, while the imports of manu- 
factured tobacco have slightly increased. Both the area and the 
yield in all our types of tobacco can be readily increased as fast as 
the demand warrants and the price is remunerative. 

Hops. — Brief attention shoum be called to hop production. The 
United States is becoming an important hop-producing country, 
though the Quality of American hops is somewhat inferior in the 
estimation oi some to certain types produced in Europe. Little 
attention has been given to the improvement of varieties, and pre- 
liminary studies indicate that great improvements can easily be 
accomplished in quality and in yield. The quantity produced in the 
United States ranges between 40,000,000 and 60,000,000 pounds annu- 
ally; The export trade in hops is gradually increasing, nearly 
17,000,000 pounds having been exported in 1906. The imports of 
special qualities of hops, however, amount to between 6,000,000 and 
10,000,000 pounds. 

POTATOES. 

Irish potatoes {Solanwm, tuberosum). — The species to which the 
potato belongs has been cultivated in the high plateaus of Peru for 
probably two thousand years or more. It was carried from Peru to 
Spain, irom which country it was probably introduced into North 
America. Since the discovery of America the potato has rapidly 
spread into all countries to which it is adapted, especially the cooler 
temperate regions, until it has become one of the most extensively 
grown and most valuable food crops of the world, with an annual 
yield of approximately 5,000,000,000 bushels. According to Fraser,* 
1 acre of potatoes frequently furnishes as much human food as 10 
acres of wheat. Wlierever wheat is a precarious crop, as in northern 
Europe, potato growing has been extensively developed. Yields of 
1,000 to 1,200 bushels of potatoes per acre, containing 10,000 pounds 
of starch, are on record. The average yield for Russia is about 95 
bushels per acre ; Germany, about 200 bushels ; England, 230 bushels ; 
Ireland. 150 bushels. The United States produces approximately 
3,000,000 acres per annum, with an average yield for tne past ten 
years of 86 bushels annually. The average yield for 1904 was 110.4 
bushels per acre and for 1906, 102.2 bushels. The average yield fell 
down to 65 bushels in 1901, the crop being badly affected by drought 
in that year in several of the heavy-producing States. The highest 
average yields are secured in the New England States and in the 
irrigated portions of the Rocky Mountain and Pacific Coast States. 

The potato does best on a deep, mellow, easily worked loam con- 
taining a rather high humus content. Ten or fifteen tons of barnyard 
manure per acre, plowed under in the fall, or cover crops of buck- 
wheat, clover, hairy vetch, or other similar green crop, put the soil 
into excellent condition for potatoes. However, in all cases the 
organic matter should be in a thoroughly decayed state before the 
crop is planted. In the case of old sods there is danger from grubs 
and wireworms, so' that the cover crop for potatoes should not be 



* S. Fraser ; Cyclopedia of American Agriculture, 
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more than one or two years old. Wheire buckwheat does well it is 
considered an e^>ecially good cover crop for potatoes, as it leaves the 
soil in excellent tilth, and remarkably smooth tubers are produced 
following this crop. Some of the finest potato soils in the United 
States are the reclaimed tule peat lands of California. 

In all the potato districts there is a tendency to grow the crop year 
after year on the same soil, with the result not only of humus destruo- 
tkxn but the accumulation of several serious diseases of the potato, 
especially the wilt disease, the bacterial disease, and in the North- 
eastern States the potato rot and scab. The latter disease is especially 
caused by the alkalinity of the soil, developing best in soils of an 
alkaline reacticm. The yields during some years and in some sections 
are often very greatly reduced by these diseases. When the soils 
become thoroughly infected with these parasites it is difficult to 
eradicate them, as many of them live for long periods saprophytically. 
Some progress has been made in selecting varieties resistant to ticiese 
diseases, but so far the wwk has had very little effect on the com- 
mercial production on account of the fact that no varieties have been 
developed which have a good market demand and which are at the 
same time disease resistant. 

In the North Central States the so-called early and late bliehts, 
due to fungi attacking the leaves, cause in years favorable to ttiese 
diseases very great loss, but it has been shown that by spraying the 
crop with Bordeaux mixture it is possible to reduce these losses to a 
negligible quantity. However, spraying methods are practiced only 
by the more prosressive growers. The same treatment prevents the 
injury from flea beetles, which otherwise do great damage to the crop, 
and the use of Paris green with the Bordeaux mixture also prevents 
the attack of the poSito bug, which also does immense damage to 
crops not protected. 

Potato culture is considerably practiced in the South for early 
markets by importing seed tubers from the North. Southern-grown 
potatoes are not satisiactory for seed, as the crop is not adapted to hot 
climates. It is believed, however, that strains could be adapted for 
culture in the South by the development of seedlings in that region 
and possibly by hybridising the Sotanum tuberosum with some of the 
other tuber-producing species, as S, fnaglia^ which is a native in the 
coasts of Chile, or S. commersonii^ a native in Uruguay and Argen- 
tina, in rocky and arid situations at low levels. Of the 1,000 species 
of the genus Solanum in many parts of the world, there are about 20 
species which bear tubers. It is possible that by combining these 
with the valuable qualities of the species at present in cultivation its 
range and adaptation can be very greatly increased, and possibly the 
food value, especially the nitrogen content of the tubers, can also be 
improved by this process. 

Until within recent years most of the culture of potatoes has been 
carried on bv hand, but potato planters and diggers have now been 
adapted to t&is crop, thus greatly decreasing the cost of production. 

Sweet potatoes. — The sweet potato, Ipomoea batatas^ is a member 
of the morning-glory family and is one of our important vegetable 
crops of the Southern States. The species from which the sweet 
potato developed, while not now positively known in the wild state, 
probably originated in Central or South America, possibly in Peru, 
where there are records of its ancient existence. p. jU ^ jsQheref ore, 
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essentially an American crop, but, like the ordinary potato, its cul- 
tnre has extended into many other eo\mtries. Related species occur 
in China and eastern Asia, and its cultivation there may have been 
coinddeni with that in South America. 

The eommercial production of sweet potatoes in the United States 
extends as far north as middle New Jersey and as far west as Kansas. 
It is grown extensively under irrigation in southern California. Ac- 
cording to the Twelfth Census, the sweet potato is, next to the Irish 
potato, the most extensively grown vegetable in the United States, 
and was reported on more than 1,000,000 farms. The acreage, in- 
cluding that of yams, was 637,447, and the value of the crop in 1899 
was nearly $20,000,000. The largest production is in North Carolina, 
Georgia, Virginia, Alabama, and South Carolina. 

The sweet potato requires a warm, sandy, well-drained soil, and 
responds well to fertilizers and manures. A high humus content is 
essential, as the crop suffers auickly from drought. Crimson clover 
sod is especially valuable if plowed under while the clover is young. 
With heavy manuring and lertilizing, sweet potatoes may be grown 
upon the same land for several years, and this practice is often fol- 
lowed. Several serious diseases, however, result from this practice, 
especially the so-called black-rot of the roots. The disease does not 
do so much damage in the field, but when the land becomes infected 
its presence in the stored potatoes causes them to rot, and in this way 
it is very injurious. As a rule, however, sweet potatoes are remark- 
abfy free from enemies. 

The yield per acre depends largely upon the favorableness of the 
soil, fertilization, and the care and culture of the crop. The yield per 
acre in the United States averages about 83 bushels for white farmers 
and about 67 bushels for colored farmers. Yields of three or four 
times this amount, however, are easily secured where conditions are 
favorable. The crop is one of increasing importance and is susceptible 
of great improvement, not only in the matter of varieties but in cul- 
tural methods. 

The food value of the sweet potato is higher than that of the Irish 
potato, and its use for feeding to stock is increasing. The principal 
use of the sweet potato is for the table, and the demand is rapidlv 
growing, especially on the cotton and tobacco lands in rotation with 
com, peanuts, and grass. 

CASSAVA. 

This cro|^ bdonging to the same family as the castor bean, is 
widely cultivated in the tropics and is probably native to Brazil. 
The roots produce large quantities of starch as well as considerable 
nitrog^KHis matter, makmg a very valuable food for ipan and 
animals. 

The culture of the crop has been tried for some years in Florida, 
but, owinj^ to the fact that the plants had to be propagated from cut- 
tings, which were difficult to produce in a healthy condition, the yield 
of good plants per acre has been so small as to make the industry 
unprofitable. The difficulty of propagating from canes led the De- 
partment of Agriculture to experiment in tne production of a strain 
of cassava that could be propagated from seeds sown annually. 
Most of the varieties do not come true to seed, and th^ results are so 
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variable when the seed is planted that heretofore it has not been 
adopted as a method of propagation. The department has, however, 
as a result of several years selection secured strains which produce 
readily and uniformly from seed, yielding from 8 to 10 tons of roots 
per acre. It is believed that the use of these new varieties will make 
this one of the most important root crops of Florida and possibly of 
other areas along tiie (julf coast. It is valuable not only for stock 
and as tapioca, jot human food, but for starch, glucose, and alcohol 
manufacture. It is believed that as a source of denatured alcohol it 
will be cheaper tiian any other starch-producing plant. 

VEGETABLES. 

It will not be possible in this paper to discuss individually the very 
great number of crops grown as vegetables for market. Market 
gardening in the neighborhood of the large cities has developed at a 
rapid rate in the past ten years. Over 2,000,000 acres are reported 
in the last census as having been devoted to vegetable crops on over 
615,000 farms. Twenty-five per cent of these farms derive their 
principal income from vegetables. These crops are produced in the 
neighborhood of the large markets under very intensive culture, the 
mo^ careful attention being given to every detail of cultivation, both 
in the matter of the selection of soils, their fertilization, the selection 
of seed, and the marketing of the crops. With the increased facili- 
ties in transportation, and the great growth of the canning industry, 
the areas available for market gardening and truck crop growing 
have been greatly increased in recent years. 

FBUITS. 

Next to vegetables and flowers and products under glass, the most 
careful attention has been given in the United States to the j)roduc- 
tion of fruits. According to the last census, the total production for 
the United States amounted to over $131,423,000. Of this, $83,751,- 
040 represented orchard fruits, a little over $14,000,000 grapes, over 
$26,000,000 small fruits, and about $8,500,000 subtropical fruits. 

Orchard fruits, — Of the orchard fruits, 55 per cent was apples, 27.2 
per cent peaches and nectarines, 4.8 per cent pears, 8.4 per cent plums 
and prunes, 3.2 per cent cherries, and 1.4 per cent apricots. Accord- 
ing to the census reports, the apple increased its proportion of the 
total production of orchard fruits from 76.3 per cent m 1889 to 82.8 
per cent in 1899; the pear from 1.6 per cent to 3.1 per cent; the plum 
from 1.4 to 4.1 per cent; cherries, 0.8 to 1.4 per cent; apricots, 0.5 to 
1.3 per cent. Peaches, owing to a complete failure in many sections, 
decreased from 19.4 per cent to 7.3 per cent. The States which took 
the lead in 1899 in the value of their orchard products were: Cali- 
fornia, over $14,500,000; New York, over $10,500,000; Pennsylvania, 
nearly $8,000,000; Ohio, over $6,000,000; Illinois, nearly $4,000,000; 
Michigan, nearly $4,000,000; Indiana, over $3,000,000; Missouri, 
nearly $3,000,000; Virginia, over $2,500,000; New Jersey, over 
$2,500,000. 

These States reported an aggregate value of orchard fruits of over 
$58,000,000, or 69.3 per cent of the total value of all orchard fruits in 
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There is an immense number of varieties of all these fruits grown 
in the United States, some of them introduced from foreign countries 
and others produced as chance seedlings from time to time here. Our 
finest apples have largely been the result of seedlings discovered from 
time to tmie by diiferent growers. In the early days of the country, 
before the development of nurseries, many of the orchard trees were 
raised from seed, and most of our valuable varieties onjginated during 
this period of seedling; orchards. Later, with the development of 
nurseries and the bud propagation of the more valuable sorts, the 
development of seedling varieties gradually dropped into the back- 
g^round. In recent years, however, as the demand for better acclima- 
tized sorts has developed, more attention has be^i given to the pro- 
duction of seedling. This is especially true in the northern Mis- 
sissippi Valley region, where the very cold winters and hot dry sum- 
mers are very destructive to the tenderer orchard fruits. 

A number of serious disease and insect pests attack all our orchard 
fruits, in the case of the apple and pear especially the bacterial blight 
and the codling moth. The bacterial blight is very difficult to control 
and has destroyed the finer varieties oi pear in most parts of the 
United States. Until recently the great ^artlett pear orchards of 
California were comparatively free from this disease, but within the 
past few years it has been introduced and has destroyed more than 
$5,000,000 worth of orchards, representing about one-third of the 
pear industry of that region. Methods for controlling the disease 
have been worked out, but they are not yet entirelv satisfactory. 

The various leaf diseases and the diseases attacking the fruit can 
be controlled by spraying, and progressive orchardists now follow 
this practice. 

Peaxihea. — In the case of peadies the principal disease in California 
is a twig and limb blight, which practically destroyed the industry 
in many sections until the Department of Agriculture demonstrated 
that the disease could be controlled by spraying with Bordeaux mix- 
ture. In the Eastern and Southern States the principal disease of 
the peach is the yellows. In Michigan and New lork a new disease 
known as '^ little peach " has appeared, and in all these sections, 
especially in the South, peach rot, caused by a fungus attacking the 
fruit, is veiy destructive. The first two diseases can be controlled 
by the eradication method ; that is, the immediate destruction of the 
diseased trees and replanting. The latter disease heretofore has not 
been controllable, owing to the fact that the copper-spraying mix- 
tures have been destructive to peach foliage. Tne recent discovery 
by one of the department experts that the peach rots could be con- 
trolled by self -boiled lime-sulphur mixture has marked the beginning 
of a new era in peach culture. 

One of the principal difficulties with our cultivated varieties of 
peaches is probably that they are not perfectly adapted to the di- 
niatic conditions of our Eastern and Southern States. Whether im- 
provements can be made along the line of better adaptation of varie- 
ties is still a question so far as peaches are concerned. A south- 
western species closely related to the cultivated peach may possibly 
be of some value in this connection. 

Plums. — ^The blood of our native plums has largely entered into 
the varieties adapted for culture in the various sections of the United 
States. The European plums and even the Japanese varieties have 
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not proved to be well adapted to our climatic conditions and are not 
resistant to the diseases and insects prevalent here. Hybrids between 
many of these finer- fruited sorts ana our native plums, however, com- 
bine tiie good qualities of both. There are over 200 horticultural 
varieties of native plums now described. While they are now largely 
cultivated^ it is probable that the better hybrid sorts will eventually 
take their place. 

Apples, — ^The apple, which appears to be fairly well adapted to 
our Northeastern States, is not well adapted to the severe climatic 
conditions of the upper Mississippi and Missouri valleys. Some seed- 
ling varieties have been developed which are superior to the ordinary 
cultivated sorts, but the final development of varieties adapted to this 
region of extremes of climate will undoubtedly come through the 
introduction of the blood of the native crab of that region. If the 
resistance, vigor, and adaptability of this native species can be com- 
bined with the good fruit qualities of the ordinary apple, an ideal 
variety will be produced. 

Small fruits, — ^The total acreage of small fruits reported in the last 
census was 304/)29 acres, valued at $25,030,877, and may fairly repre- 
sent the status of this class of crops. From the commercial stand- 
point, the small fruits are usually classed with vegetables and truck 
crops and are cultivated for special markets or for canning and dry- 
ing. The small amounts usually grown on most farms and often on 
city 1(^ for home use are usually not reported for census enumeration, 
but in the aggre^te amount possibly to as much as the reported area. 

The small fruits of greatest importance are the strawberries, rasp- 
berries, blackberries, currants, gooseberries, and cranberries. There 
are a very large number of excellent varieties of all these fruits, de- 
veloped largely from our native wild species. Introduced varieties 
were early round not to be well adapted to our conditions and were 
seriously affected by diseases occurring on .our wild species, but to 
which our native species were resistant. However, in the improve- 
ment of varieties our native and introduced species have often been 
hybridized and the good qualities of both sorts thus combined. The 
strawberry, our most important small fruit, is an exception to this 
rule, as the species giving rise to our cultivated strains is a native of 
Chile, although there are a large number of good native varieties. In 
all the small fruits, however, there is the greatest opportunity for im- 
provement, especially alon^ the line of adaptation to special condi- 
tions and uses. With the increasing demands for this class of fruits 
improvements are gradually taking place. We have the foundation 
of our native species for almost unlimited development 

Grapes. — ^With the exception of California, the grape industry of 
the United States is based on our native species, the improved varie- 
ties being largely accidental seedlings. The Old Cape or Alexander 
grape was found wild in the woods of Pennsylvania; the Catawba 
was found in the woods of South Carolina ; the Concord was a chance 
seedling in a Massachusetts garden, probably from the wild fox 
grape ; the Worden was raised from a seed of Concord ; the Delaware 
was probably a chance cross between a native species and a European 
variety, as both existed where the Delaware originated. S«ne very 
fine varieties, like the Brighton, were the result of artificial crosses. 
Only a very little has been done in the production of varieties for 
special purposes and in their general improvement. Thenquality of 
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European grapes is far snip^or to that of the American varieties, 
hut the former are not adapted to our climate or resistant tp our nape 
diseases, especially the phylloxera and black and brown rots. If tne 
vigor ai3bd disease resistance of our native species can be bred iato some 
of the fkier European sorts, it would mean a new era for the grape 
culture of the Southern, Eastern, and Middle States. 

In California the European varieties do fairly well, and a large 
industry in their culture has developed. Many of the varieties, how- 
ever, are not perfectly adapted to California conditions, and the in- 
troduction of some American vigor has already been found necessary 
in order to obtain resistance to phylloxera, which has now gained a 
foothold in California, and to u\e California vine disease, which is 
very destructive to the tender European sorts. 

California has over 90,500,000 vines, producing over 721,000,000 

E>uDds of grapes, valued at over $6,500,000. These are largely of the 
uropean types. New York has over 29,500,000 vines, producing 
nearly 250,000,000 pounds of fruit, valued at nearly $3,000,000. Ohio 
has about half as much as New York, and Pennsylvania, Michigan, 
Illinois, Indiana, Kansas, Missouri, Georgia, Iowa, and Oklahoma 
have from 3,000.000 to 5,000,000 vines each. 

There is a decided tendency to the overproduction of the American 
varieties. Even in the culture of the more resistant strains careful 
spraying is necessary in order to control the black and brown rots. 

Subtropical fniits. — Of the subtropical fruits the principal ones 
are the orange, lemon, banana, pineapple, lime, citron, pomelo, guava, 
olive, etc. Of these the largest industry is in orange culture, Cali- 
fornia leading with about 5,500,000 trees, Florida with 2,500,000, 
Louisiana with 141,116, Arizona with 48,570, and smaller numbers 
in Texas, Mississippi, Alabama, and a few other States. 

The principal lemon industry is in California, Florida, Arizona, 
and to a small extent in other States. The other citrus fruits are also 
grown in the same States. 

The principal difficulty with the citrus industry arises from the 
effect of cola waves ana heavy frosts striking the orchards during 
the growing season. The industry has been several times nearly de- 
stroyed in Florida and the Gulf States from this cause and has suf- 
fered seriously in some localities in California. Most of the citrus 
fruits cultivated in the United States are the results of what might 
be considered chance introductions and chance seedlings. There are 
many much more cold-resistant varieties of oranges in India, China, 
and Japan, which would doubtless prove valuable for northern 
Florida and the Gulf States. These introductions will be made by 
the Department of Agriculture. Another recourse is the crossing of 
the tenderer fine-fruited sorts with the cold-resistant Citrus trifoltata^ 
which grows as far north as Philadelphia. From the many results 
of such crosses it is evident that oranges of much greater cold-resist- 
ing power can be developed. A large number of new types of citrus 
fruits have thus been secured, some of which are seedless and very 
juicy, some very sour, some moderately sour, and some fairly sweet. 
These are of first generation hybrids,' however, and it is from the 
second generation that the larger number of intermediate sort.s will 
develop. Varieties of citrus fruits for home use will undoubtedly 
result from such breeding work adapted for growth throughout tM 
cotton States and the Southwest r^^^^T^ 
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In the hotter sections of the Southwest where irrigation is prac- 
ticed there are many areas of soil too alkaline for ordinary crops 
which are adapted to the date palm. About 50 varieties of the finer 
strains of dates have been introduced from the Old World and are 
found to give excellent results in this southwestern region. A profit- 
able fruit industry can therefore be built up in soils and climate not 
adapted to other fruits. In the drier sections of the Southwest the 
dry-land olive is proving successful, and this valuable source of olive 
oil can undoubtedly be cultivated over large areas in Arizona and 
California, and possibly in New Mexico. 

The pistache nut, also adapted to these dry areas, has been intro- 
duced and is proving well adapted to the region. 

Similar improvements have been undertaken with the lime, the 
lemon, the grape fruit, the tangerine, and other species. In the case 
of the pineapple more than 200 new seedling varieties have been de- 
veloped, some of which are far superior to any varieties now grown 
in the United States. 

Besides these fruits there are many other tropical and subtropical 
fruits which are being tested in these regions and can be developed 
into industries of considerable importance as soon as there is demand 
for them« 

NUTS. 

Almonds. — ^The cultivation of almonds has developed to a consider- 
able extent in California and Arizona, principally, however, in the 
former State, where over 1,500,000 trees are grown, producing nearly 
7,000,000 pounds of nuts. 

Gocoanuta. — Cocoanuts are produced in considerable numbers in 
Florida, approximately 50,000 trees being recorded in that State in 
the last census. This nut, however, is far more important in Cuba, 
Porto Rico, and the Philippines. It has recently b^n attacked by a 
serious disease, destroying m a short time many of the trees. Unless 
some means of control is discovered it is feared that the industry 
will be destroyed in all these places. The disease has not yet reached 
Florida or Porto Rico. 

Pecans, — ^The pecan hickorv is native in the Southern Central 
States, and many valuable seedling varieties are known. The nut has 
been planted in orchards in recent years and large quantities are thus 

E rod need. The finer varieties are now being selected and propagated 
y budding and grafting, so that the nut can now be said to be prac- 
tically domesticated and in the process of improvement. Something 
over 3,000,000 pounds were produced during the last census year, 
about 56 per cent of which was grown in Texas. The pecan is sus- 
ceptible of great improvement, and the extension of this nut industry 
is certain to be very great, provided the diseases which attack the 
cultivated orchards can be controlled. 

English walnuts. — ^The Persian or English walnuts are cultivated 
to a considerable extent in southern California, where there are now 
nearly a million trees, producing something over 10,000,000 pounds of 
nuts. Not much attention has been given to varieties, so that the 
orchards are considerably mixed. A serious disease caused by bac- 
teria has greatly reduced the yield, but it has been discovered that 
certain varieties are resistant, and it is probable that many of the 
orchards will be worked over to these resistant strains. ^ , 

Digitized by VjOOQIC 



WOOMJ AGRICULTURAL PRODUCTION. 203 

Very little attention has been given to the unprovement of the 
great number of native nuts growing in various sections of the United 
States. With the increasing importance of this class of fruits it is 
probable that the native species will be domesticated and greatly 
improved in the near future. 

SUMMABY. 

I bave now presented very briefly some of the principal facts re- 
garding our important cultivated and native plants, and have shown 
that we have in all our plant resources a large number of extremely 
valuable varieties and sorts of local adaptation simply waiting to be 
utilized. Our agriculture and horticulture have been extremely prim- 
itive in the attention which has been given to seed selection, the im- 
provement of varieties, and their adaptation to special uses. This, of 
course, has been the result of the rapidly expanding areas brought 
under cultivation and the general promiscuous and careless testing of 
varieties. In the past the great Inarket demands for staple crops have 
given little consideration to anything but the most general qualities. 
Improved transportation methods have brought practically the whole 
world into competition, so that the cheapest and most exteunsive meth- 
ods have necessarily prevailed. As population increases and terri- 
torial expansion decreases, the demand for more intensive methods 
becomes greater and more attention can be given to the improvement 
of cultural methods. The first step in this direction will certainly be 
the better utilization of our enormous plant resources. 

It has been shown that by careful selection of the best individual 
plants, and propagating from these, the jrield of all our important 
staple crops could easily be doubled. The means for accomplishing 
this already exist in our fields and gardens. For stiU greater im- 
provement we can draw on cultivate and wild plants throughout 
the world. With the exception of the absolutely arid sections of the 
United States, where no ramfall or other source of water is available, 
there is not a foot of ground from which valuable crops can not be 
secured or developed, and these include grain, forage, and fruits. 

Besides the great ^ins which can be secured by the selection and 
improvement of varieties of crops, the improvements in cultural 
methods also offer opportimities for great increase in quantity, Qual- 
ity, and certainty of yield. The great mass of our farmers have been 
as careless in their methods of agricultural production as they have 
in their selection of varieties. While there has been tremendous waste 
in following such methods, due to the rapid expansion, the close com- 
petition, and the small margin of profit, the conditions have neverthe- 
less been the cause of the development of some of our most important 
mechanical methods. It has been necessary to cultivate large areas 
with a small amount of labor, which has led to the wonderful develop- 
ment of mechanical methods and improved machinery which has 
characterized American agriculture. 

Along with the general careless methods, little attention has been 

S'ven as a rule to tne conservation of soil fertility. This matter has 
en referred to briefly in the discussion of the various crops and 
will not be entered into further in this paper, as it is covered by 
the work of another bureau. Although the larger part of the product 
of plant growth is taken directly or indirectly from the aii?, neverthe- 
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less a small but essential part comes from the soil, ancl it is absolntely 
necessary, in order to mamtain the soil in a highly productive condi- 
tion, to keep in it a readily available supply of the essential nutri- 
ents, especially nitrogen, phosphoric acid, and potash. The lAysical 
condition of the soil, its water-holding capacity, *and its ability to 
absorb oxygen are controlled in a large measure by the organic matter 
which it contains. A high humus content is essential to a good soil. 
More than any other factor influencing the fertility and crop- 
producing power is the organic life of the soil, especially the bacteria 
and fungi and low organisms of this class inhabiting it. The control 
of the nature and quantity of these organisms present is soon to be- 
come one of the most important factors in agricultural production. 

The accumulation in the soil of organisms deleterious to crop 
growth, resulting from continued culture to a single crop, is one of 
the most prolific causes of the deterioration in crop-producing power, 
as has been pointed out in the case of a number of our most im- 
portant crops. Besides the development of resistant crops, the most 
important procedure will be in the adoption of crop-rotation systems 
which prevent the accumulation of these parasites and which enable 
the producer to make the proper return to the soil, by fertilization 
and other means, of some of the elements taken from it. 
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THE OAT CROP. 



By C. W. Wasbubton, 
Bnreau of Ptent Industry, United Statee Department of AgrlcuHnre. 



IMPOBlTAKCE OF THE CBOP. 

Oats raivk fifth amonjg the farm crc^s of the United States in im- 
portance and value, being exceeded only by com, hay, cotton, and 
wheat The average area devoted to the production of this crop in 
the toi years from 1898 to 1907 has been 28,300,000 acres, while the 
average annual production has amounted to 841,000,000 bushds. 
The average annual farm value for the same period, as estimated 
by the Bureau of Statistics of this department, has been $-^5,596,000, 
or $9.38 to the acre. This is dightly less than the acre value of the 
wheat crop, $9.62, and about a dollar less than that of com, $10.40. 

The accompanying map (No. 1) shows the average annual acreage 
in each State for the past ten years and the average total produc- 
tion of each State. Map No. 2 also shows the annual acreage, wiiii 
the average yield to the acre, while map No. 3 shows each State's 
prop)ortion of the annual acreage and production. This last is 
of particular interest, as it shows the relation between acreage and 
production in the various States. Thus Iowa, the leading State, 
produces 14.45 per cent of the total crop on 13.86 per cent of the 
acreage, and Illinois produces nearly 14 per cent of the crop on 
slighfly more than 13 per cent of the acreage. As extremes, Wash- 
ington and Georgia may be cited, the latter producing but 0.53 per 
cent of the total crop on 1.12 per cent of the acreage, while the former 
Aows 0.77 per cent on but 0.49 per cent of the total area. 

BBGIOK OF GBXATEST PBODUCTION. 

The production of oats is greatest in the northern Mississippi 
VaUey, in the northern part of the region generallv known as tne 
corn belt, and in the States lying just to the north of that belt The 
"oat belt" mi^t be said to include Iowa, Illinois, Wisconsin, Minne- 
sota, North Dakota, South Dakota, and Nebraska. In these 7 States 
are included 54.78 per cent of the total acreage and 58.03 per cent 
of the production. If the crop of Michigan, Ohio, and Indiana is 
added to that of tfee 7 States just mentioned, these figures increase 
relatively to 67^1 per cent and 71.4 per cent. ^Miile the crop is 
thus centralized it is comparatively cosmopolitan in its nature, for 
it is crown in every State and Territory, and in only two, Rhode 
Island and Arizona, is the annual crop less than 1()0,000 bu^els, 
while com falls below that figure in Montana, Wyoming, and 
Nevada. In 15 States, notably in New York, Wisconsin, and Minne- 
sota, the oat crop exceeds the corn crop in value. 
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NEED FOB IMPBOVEMENT. 

While the foregoing figures show that the oat crop is very largely 
to be reckoned with in our farm economy, yet the partial failures in 
the two seasons just past, 1907 and 1908, in which unfavorable 
weather conditions, insects, and diseases combined to reduce the pro- 
duction to a point well oelow the ten-year average, indicate the 
need of a thorough study of varieties ana their adaptation, methods 
of combating insect and fungous pests, and of seeding, fertilizing, 
and harvesting the crop. 

VABIETAL ZONES. 

No very definite divisons can be made to show the adaptability 
of varieties or of classes of varieties, but, roujxhly speaking, the States 
may be grouped into three zones, the southern one including Dela- 
ware, Maryland, West Virginia, Kentucky, Missouri, Kansas, and 
the States to the south, and extending westward through New Mex- 
ico and Arizona to California; a central belt including New Jersey, 
Pennsylvania, Ohio, Indiana, Illinois, Iowa, and Nebraska; and a 
northern one embracing New England, New York, Michigan, Wis- 
consin, Minnesota, the Dakotas, the Intermountain States, and the 
States of the Pacific Northwest. This division is inaccurate and 
far from satisfactory, but in general the best producing varieties or 
types are similar within these three divisions. 

THE SOUTHERN DIVISION. 

The first, or southern, division includes about 20 per cent of the 
total annual acreage of oats, but produces only lo per cent of the 
crop. The varieties most largely grown are Rustproof, Virginia Gray, 
and Burt. Rustproof, often called " Texas Red " or *' Texas Rust- 
proof," is the typical and parent variety of the Rustproof group, 
which includes Appier, Lawson, and Culberson. This group, as 
usually grown, is a mixture in varying proportions of at least three 
varieties, the typical large-grained red oat of the true Rustproof 
variety, a strain with medium-sized black grains, and one with small 
white ones. It is probable that the red grain is the most desirable 
type, though very good results have been secured from the small white 
strain when separated from the mixture. The ordinary red type is 
of medium height, straw usually strong, and the grain large anci red- 
dish or yellowish broWn in color. Practically all of the berries are 
bearded, the beards, particularly on the larger grain, being large 
and long. The larger grain is also provided with a number of long, 
bristly hairs at the base, a characteristic which distinguishes this 
group from the other varieties commonly grown in the South, in 
which the bristles arc either entirely wanting, occur on only a few 
of the spikelets, or are much shorter than on Rustproof. The 
varieties of this group are, as the name indicates, resistant to rust, 
and are generally the most productive and satisfactory for growing 
in the section under discussion. They may be sown in the South 
either in fall or spring — in fact, at any time from September to 
March. In the northern part of tlie belt, late winter or spring 
sowing is generally advisable, though the fall-sown crop is usually 
more productive when it survives the winter. Digitized by CjOOqIc 
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Virginia Gray or Winter Turf is a taller, more slender variety than 
Rustproof, adapted to fall or early winter sowing in this region. 
It is rather hardier than Rustproof and is grown largely in Virginia 
and North Carolina, and to some extent in Kentucky, Tennessee, and 
the other Southern States. It is not usually succe^ssful when sown in 
the spring. The grain is of medium size, usually not bearded, gray 
or liffht grayish yellow. The two grains of the spikelet separate 
readily in thrashing, while in Rustproof they are usually quite per- 
sistent. This variety is of value where Rustproof will not withstand 
the winter, or where the production of hay or straw is more important 
than that of grain. 

Burt is the only strictly spring variety of oats generally grown in 
the South. At present it can hardly be considered of imporiance 
outside of Kentucky and Tennessee, though it is grown to some 
extent in the higher portions of the other Southeastern States. This 
variety, sometimes mown as " Ninety-Day " or " May," has more 
slender, lighter-colored ^ains than Rustproof, and the spikolets 
are usually without the i>asal hairs. It ripens earlier than Rust- 
proof and in some sections is more productive. On account of its 
earliness it frec^uently escapes injury from fungous disease>s which 
nttack other sprmg-sown varieties. This variety, as well as Vir^^finia 
Grav, is quite pure as ordinarily grown. 

The greatest need for work on oats in the South, so far as the 
variety question is concerned, is the production of pure strains of 
Rustproof, which are winter hardy and highly productive. This 
should be comparatively easy, to accomplish in a few years by careful 
selection. Other means of increasing the acre yield, and so increasing 
the net return, are good preparation of the seed bed, fertilization, 
and early seeding. 

The oat crop m the South is frequently put in with little prepa- 
ration, the seed sometimes bcin^ sown broadcast on cornstalk or 
other land and covered with a cuhivator or disk harrow. Where a 
grain drill is available, however, it is more frequently used than is 
the case in the com belt. Sowing with a grain drill not only aids in 
securing a uniform stand by distributing the seed evenly and cover- 
ing it all to the same depth, but, in the case of fall-sown grain, the 
furrows left by the drill serve as a protection from the heaving caused 
by the alternate freezing and thawing of winter and early spring. In 
some sections of the South, particularly in Georgia, what is known as 
the " open-furrow " method of seeding is quite common. A planter 
similar to a cotton planter is used, the seed being drilled in the bottom 
of an open furrow. This furrow is left open through the winter, 
except as it is closed naturally by the washing of the banks and by 
the action of frost This method obviates in a large measure the 
danger of winter damage, but is slow and expensive, as only one 
row can be sown at a time. • A machine on the order of a grain, drill, 
which sows several rows at once but leaves the ground more ridged 
than the ordinary type of that tool, is desirable for the winter oat 
region. 

In the South, as in the North, the oat crop is ordinarily grown 
on the poorest land. While it is true that oats will produce relatively 
more on poor land than will other grain crops, yet the crop responds 
so readily to good treatment and fertilizers that the extra expense 
is justified^ The use of fresh manure is not advisable as it is likely 
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to cause a rank growtii of straw, liable to lodge, at the expense of 
^rain production. Well-rolled nmnure and complete fertilizers, par- 
ticularly those rich in potash and phosphorus, are productive of the 
best results, thou^ nitrogenous rertilizers, especially those in the 
form of ^reen manures, are decidedly beneficial. 

The winter oat crop is ordinarily sown in late October or Novem- 
ber, whereas careful tests show that larger and more certain crops 
can be secured by seeding in September or early October. If spring 
seeding is necessary, it Siould be done as early as possible — during 
February in the extreme south and in March in the northern part of 
this belt. Spring seeding is not to be recommended, however, where 
there is any possibility of securing a stand from fall sowing. 

The advantage of early faU seeding over later sowing is obvious. 
The young plants become well established before cold weather, and 
the growth of both top and root is often sufficient to prevent winter 
injury which would be serious in the late sown fields. Fall or very 
early spring seeding is to be recommended over late spring seeding, 
as it hastens maturity, i. e., the crop ripens in time to avoid mudi 
damage from unfavorable weather ccmditions and fungous diseases. 

THE OSNTRAIi DIVISION. 

In the central belt, which includes 47 per cent of the crop area 
and 48.5 per cent of the total production, oats, while largely grown, 
can not be considered profitable. A recent estimate by rrof. A. N. 
Hume, of the Illinois Experiment Station, shows that the average 
crop of oats in that State, 33 bushels, is produced at a loss of $8.32 
per acre. However, the oat crop is a very necessary one in the com- 
mon systems of rotation used in the com belt, and is not to be dis- 
carded on the diowing just quoted. Th«i, too, the best farmers secure 
yields much better than the state average, and the price, at least in 
recent years, is considerably higher than the 26 cents per bushel used 
in this calculation. 

The varieties of oats grown in the central belt are too numerous for ex- 
tended mention, but may be roughly divided into the small, early, 
yellow varieties, with rather light, slender straw, small, slender, white 
or yellow grain, maturing in mnety to one hundred days from sowing, 
and the large, medium to late varieties, taller and more rank growing 
with medium to large, usually white grain, maturing in one hundred 
to one hundred and twenty days. The latter group may be further 
divided into the Potato and Welcome groups, the former with short, 
plump grains, and the latter with longer, more pointed ones. In the 
first class may be included Alaska, Early Champion, Sixty-Day, and 
Kherson, the two latter having been imported m)m southern Russia 
about ten years ago. In the Welcome group may be included such 
well-known varieties as American Banner, Clydesdale, Lincoln, Silver- 
mine, and Welcome, while in the Potato group Early Siberian, Green 
Mountain, Probsteier, White Schoenen, and Wideawake are to be 
found. The first-named group, though perhaps occupying the smallest 
acreage, is probably the most reliable, on account of its earliness, which 
enables it to escape unfavorable weather conditions and resultant 
attacks of fungous diseases. The chief objections to the varieties of 
this class are the small $ize of the grains and, in th^ case of Sixty-Day 
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and Kherson, the yellow colon In teste at the Illinois, Iowa, and 
Nebraska stations, however, these two varieties have in recent years 
been most reliable. Early Champion is specially liable to smut 
attacks, and should always be treated with some one of the well-known 
smut preventives. 

Of the Welcome group, Silvermine is perhaps the best known and 
most widely popular variety. The varieties oi this group, however, 
frequently mature too late for the best results, as when sown around 
April 1, their ripening period, during the first two weeks of Jul^ 
and extending up to July 20 in the northern portion of this belt, is 
frequently decidedly unfavorable for the development of the oat 
crop. The oat crop is usually most satisfactory in cool, moist cli- 
mates, and the heat of the July days in the com belt is often disas- 
trous, whether the weather is wet or dry. In a dry season, the grain 
ripens prematurely and is shriveled and light, and in a wet one, rust 
develops rapidly, with its resultant serious effect on the grain yield. 
The use of early varieties, which frequently mature before the weather 
conditions become unfavorable, is strongly to be recommended in the 
com belt. 

In the matter of soil preparation, the oat crop gets little attention. 
A circular of inquiry sent out to Iowa farmers showed that prac- 
tically the entire oat crop was sown on com ground, and more than 
70 per cent of the farmers gave no previous preparation. The usual 
method is to sow the grain broadcast, then disk and harrow. In this 
manner it is put in at varying depths, germination extends over a 
considerable period, and the early growth of the crop is irregular. 
A considerable portion of the seed is covered so little or so much 
that it fails to germinate at all. Double disking and double harrow- 
ing of cornstalk land before seeding is strongly to be recommended, 
and sowing with a grain drill at a depth of 2 inches is desirable. 
In a test at the Iowa station, drilled seed yielded nearly 10 bushels 
more to the acre than broadcasted seed in 1907, a season of poor oat 
crops in that section. 

Few fertilizer experiments with oats have been conducted in this 
section. The general belief that it is advisable to apply manure im- 
mediately preceding an oat crop is well founded, and the practice of 
manurinfi^ for com and following the corn with oats is no doubt the best 
plan which can be devised. However, it may be well to apply some 
form of potash to the oat crop, for corn-belt soils are often low in 
available forms of this element and its addition might go far to solve 
the problem of weak straw and lodging. 

THE NOBTHERN DIVISION. 

In the northern belt, where 33 per cent of the total oat acrea^ of 
the United States produced 36.5 per cent of the crop, the varieties 
ordinarily grown are of the same late maturing type frequently 
found in the section just discussed, though occasionally varieties of 
the early type are grown. In some sections " side " oats are the pre- 
vailing type. The varieties of this type are even later than the Potato 
oats. Owing to the fact that conditions here are usually more favor- 
able during July than they are in the com belt, late varieties are 
more reliable, thouj^h in some seasons they are not productive. At 
the Wisconsin station, Sixty-Day, a variety of the early type, and 

72689— S. Doc. 676, 60-2, Tol 8 ^14 Digitized by Google 



210 BBPOBT OP NATIONAL OONSBBVATION COMMISSION. 

Swedish Seled^ a Potato oat, are the hi^est yielding varieties. 
At the Minnesota station the leading varieties are Early Gothland, 
a rather early variety of the Silvermine type, and Imp. Ligowo, 
of the Potato type, while in South Dakota Sixty-Day and Swedish 
Select are prominent. In North Dakota side oats of the White Rus- 
sian and Tartarian varieties are largely grown, though Sixty-Day has 
been a very satisfactory variety at the exj)eriment station. In Mon- 
tana and the Pacific fforthwest the prevailing varieties are the late 
maturing Potato and side types. 

General discussion of soil preparation, methods of seeding, and 
fertilization in the central district is also applicable here, though the 
more favorable weather conditions and better adapted varieties make 
the oat crop more commonly profitable than in the com belt. Indeed, 
the oat crop is second only to wheat in this region and in some of the 
States is of even greater value than that grain. 

Tlie need of rotation and of cultivated crops is particularly great in 
some sections of this belt. In portions of Minnesota, and throughout 
the Dakotas and the Northwestern States, continuous cropping to 
wheat, barley, flax, and oats has greatly decreased the fertility of the 
land and increased the growth of weeds. An increased proportion 
of grass land and cultivated crops will check the weed nuisance, and 
the fertility of the land may be restored by the use of clover and other 
green-manuring crops, and of manure. More live stock should be 
kept, and the acreage of small grain should be reduced. With proper 
handling 8 acres wul produce as much wheat or oats as 4 do now, and 
the remaining one- fourth of the land may be devoted to forage and 
live stock wiwout reducing the grain production. 

SMUT TBEATMENT. 

It is probable that smut annually destroys from 3 to 5 per cent of 
the oat crop of the United States. In certain sections, and in years 
favorable to smut development, the loss is much greater. A conserva- 
tive estimate of 4 per cent of the annual crop would mean a loss of 
84,000,000 bushels on an average crop, or a money loss on the same 
basis of more than $10,000,000. In view of the ease and cheapness of 
preventive treatment, either with formalin solution or hot water, there 
IS no reason why this annual loss could not be almost entirely avoided. 

METHODS OF HABVESTING. 

While the discussion thus far has been entirely concerned with the 
preparation of the soil and the sowing of the crop, there is need of 
more attention in many sections to the methods of harvesting, par- 
ticularly with regard to stacking the grain. 

When properly handled the crain goes through three "sweats" 
or ripening processes, each of wnich, under suitable conditions, im- 
proves the quality, llie first is in the shock, the second in the stack, 
and the third in the bin after thrashing. The very conmion practice 
of thrashing from the shock, a practice seemingly increasing in 
vogue, does away with the second sweat, and at the same time greatly 
increases the possibility of deterioration in quality from weather 
damage. The increase of cost from stacking is usually much more 
than Dalanced by the increased value of the crop over that left in the 
shock until thrashed. 
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SUMMABY. 

The oat crop, which ranks fifth in importance among our farm 
crops, is annually valued at about $265,000,000. More than one-half 
of the entire crop is produced in seven States in the upper Mississippi 
Vallejr. 

While immensely valuable and a very necessary crop in rotations, 
oats are frequently produced at a very small profit or often at a loss. 

There is great need of improvement in varieties, methods of soil 
preparation, seeding, and harvesting to obviate this loss. 

The United States can be approximately divided into three varietal 
zones. 

The typical varieties of the southern zone are Rustproof, Virginia 
Gray, and Dun. The crop can be increased in the South by the selec- 
tion of high producing winter strains, particularly of Rustproof, by 
ea^ seeding and by the liberal use of fertilizers. 

The typical varieties of the central zone are Sixty-Day, Silver- 
mine, ana White Schoenen. In this section the use of the earliest 
varieties, better preparation of the soil, and drilling are suggested. 

In the northern belt, the region of greatest production to the acre, 
Tartarian, Swedish Select, Progress, and Sixty-Day are typical varie- 
ties. Better yielding strains of these varieties, better preparation 
of the soil, and drilling will increase the yield. Preventive treatment 
is essential to prevent serious loss from smut. Stacking will ordi- 
narily increase the quality of the grain, while thrashing from the 
s&ock greatly increases the possibility of injury from bad weather. 
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THE ORIGIN OF CULTIVATED PLANTS. 



By Alphonse De Gandolle. 



8XTMMABY AND CONCLUSION. 

[The " Summai/ and Conclusion/* Part III of " The Origin of Cultivated Plants/* by 
Alphonse £>e Candolle, la here reprinted (with some slight modiflcations) for convenient 
reference in connection with the article entitled "Agricultural Production/' by A. F. 

Woods.] 

GENERAL TABLE OF SPECIES, WITH THEIR ORIGIN AND THE EPOCH OF 
THEIR EARLIEST CULTIVATION. 

The following table includes a few species of which a detailed 
account has not been given, because their origin is well known and 
they are of little importance. 

Explanation of the signs used in the table: (1) Annual; (2) bien- 
nial ; 4, perennial ; 5, small shrub ; 6, shrub ; 7, small tree ; 8, tree. The 
letters indicate the certain or probable date of earliest cultivation. 
For the species of the Old World: A, a species cultivated for more 
than four thousand years (according to ancient historians, the monu- 
ments of ancient Egypt, Chinese works, and botanical and philolog- 
ical indications^ ; B, cultivated for more than two thousand years 
(indicated in Tneophrastus, found among lacustrine remains, or pre- 
senting various signs, such as possessing Hebrew or Sanskrit names) ; 
C, cultivated for less than two thousand years (mentioned by Diosco- 
rides and not by Theophrastus, seen in the frescoes at Pompeii, in- 
troduced at a known date, etc.). For American species: D, cultiva- 
tion very ancient in America (from its wide area and number of 
varieties): E, species cultivated before the discovery of America, 
without snowing signs of a great antiquity of culture; F, species 
only cultivated since the discovery of America. 

Species native to the Old World. 

CULTIVATED FOR THE SUBTERRANEAN PARTS. 



Name and duration. 


Date. 


Origin. 


Radish— Raphanus sativus (1) 


B. 

c. 

A. 
A. 
B. 

c. 
c. 

C. 

B. 

C. (?) 

C. 

C. 

B. 

B. 
B. 


Temperate Asia-a 


HorBe>radish»Cochlearia annoracia 4 


Esstem temperate Europe. 
Europe; western Siberia (2). 
Europe; western Siberia (7). 


Tumip—Brassioa rai)a (2) 


Rane^Brassloa nanus (25 


Cftntki— Dauous oarota (2) 


Europe: western temperate Asia (7). 
Central and southern Europe. 


Pannip— Pastinaca sativa (2) 


SkirrBt^Siuni sisanun 4 


Central Europe; Caucasus. 
Alteic Siberia; northern Persia. 


MaddAT—Rubia tinctorum 4 


Western temperate Asia; southeast of Europe. 
Southwest of Eun^; soutti of the Caucasus. 


Salsifv—TrasoDOSon Dorrlfolium (2) 


(^vwvATMin&MHcbrconera hlsnanica . . . - r 


RAinninn^Csinnannla ramincnitis (2). 


Temperate kdA southsro Europe. 

Caniuies; Mediterranean basin; western tern- 


(Vegetable 


Beet-Beta vulg. (2) 4 

Root 


perate Asia. 
A result of cultivation. 


OArilAMi Alllitm mtlymn 4 ....-,,,- ^ 


Desert of the Kirg^ila, In western temperate 
Asia. 





• Doctor Breteehneider writes to me from Peking. December 22, 1882, that the spedes is mentioDed in 
the Ryd, a work of the year 1100 B. C I do not know if we most suppose the original habitet to be 
Ghlna or western Aaia. 
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^Speeies native to the Old Worltf— Continued. 

CI7LTIVATBD FOB THE SUBTERRANEAN PARTS— Contlnaed. 



Ntnie and duntlon. 



OriglB. 



Onioo— AlUom oepa (2) 

Welsh onkm-AUfumfl stalosam 4 

Shallot— AlUuxn asooloDlcum 4 

Rocambole— Allium scorodoprassum 4 . 
ChlTes— Allium schaenoprasum 4 



Taio—Coloc88ia anttquoram 4 

Ap4— Aloca8lamacrorrfalta4 

£oi^|ak— Amorphophallus konJak4 . 
Yams— Dioaoorea satiya 4 



Dlosoorea Batatas 4 .. 
Diosoorea japonica 4 . 
Dtoaooreaalata4 



Persia; A ffehantstan; Behiohlstao: PalestlnaC?). 
Siberia (from the land of the Klrg^ of Baikal). 
Modifloatioii of A. oepa (7) unknown to wild. 
Temperate £un^. 
Temperate and northern Europe; Siberia, 

Khamschatka; North America (Lake 

Huron). 
India; Malay Archipelago; Polynesia. 
Ceylon; Malay Arcnipdaco; Polynesia. 
Japan (7) 
Southern Asia(eBpeciaUy Malabar) (7); Ceylon 



(7); (Java) (7). 



China 
Japan 
East ol 



li 



Asiatic Archipelago. 



CULTIVATED FOR THE STEMS OR LEAVES. 
1. Vbobtablbs. 



Cabbage-Brassioaoleraoeam, (2).6,7 

Chinese cabbace— Brasslca chinensls(2) 

Water cress— Nasturtium officinale 4 

(harden cress- Lepidium satiYum (1) 

Seakale— Crambemaritima4 

Purslane- Portulaoaoleraoea (1) 

New Zealand spinadi- Tetragonia expansa (1) . 
Qtrdea celery— Apium graveolens (2) 

C^henril— AnthriseusoerefoUum (1).: 

Parsley- Petroselium sativum (2) 

Alexanders— Smymium dus-atrum (2) 

Com salad- ValerianeUaoUtoria(l) 

Cardoon 

ArtJchoke-Cyuara Cardunculus(2) 4{$?^^;; 
Lettuce- Latucaacariola(l) (2) 

Wild chlcory-Cichorium Intybus 4 

Endive- CIchorium Endivia (1) 

Spinach- Spinacia oleraoea (1) 

Orach— Atnplex hortensis (1) 

Amaranth— Amarantus cangeticus (1) 

Sorrel— Rumexaoetosa (1)4 

Patience dock- Rumex patientia 4 

Asparagus— Asparagus officinalis 4 

Leek— Allium ampeloprasum 4 



B. 
C. 
A. 

C. 
B. 

C. 
C. 
C. 

C. 
C. 



i!i 



Europe. 

China (7); Japan (7). 

Europe: northern Asia. 

Persia (7). 

Western temperate Europe. 

From the western Himalayai to southern Rus- 
sia and Greece. 

New Zealand and New Holland. 

Temperate and southern Europe; northern 
Africa; western Asia. 

Southeast of Russia; western temperate Asia. 

Southern Europe; Algeria; Lebanon. 

Southern Europe; Algeria; western temperate 
Asia. 

Sardinia, Sicily. 

Southern Europe; northern Africa; Canaries; 
Madeira. 

Derived from the eardoon. 

Southern Europ: northern Africa; western 

Asia. 
Europe; northern Africa; western temperate 

Mediterranean basin; Caucasus; Turkestan. 

Persia (7). 

Northern Europe and Siberia. 

Tropical Africa; India (7). 

Europe; northern As a; mountains of India. 

Turkey in Europe; Persia. 

Europe; western temperate Asia. 

Mediterranean basin. 



2. FODDBR. 



Liioeni-Medicagosattva4 

Sainfoin- Onobryohis sativa4 

French honeyswude— Hedysarumooronarium 4 

Pmrple clover— Trifolium pratense 4 

Alsdce clover— Trifolium hybridum (1) 

Italian dover- Trifolium inoamatum (1) 

Egyptian dover- Trifolium alexandrinum (1).. 

Ervilla— ErvumErvllia(I) 

Vetdi-Viciasativa(l) 

FlatjMdded pea- Lathyrus Cicera (1) 

Chickling vetch— Lathjrrus sativus (1) 

Odirus— Lathyrus oohrus (1) 

F e nug reek- Trigonella ffaenumgnecum (1) 

BIrd's-foot-Omithopus sativus (1) 

Nonsuch- Medloago TupuUna (1) (2) 

Com spurry- Spenula arvensis ( 1 ) 

Guinea grass— Pamcum maximum 4 



Western temperate Asia. 

Temperate Europe; south of the Caucasus. 

Center and west of the Mediterranean basin. 

Europe; Algeria; western temperate Asia. 

Temperate Europe. 

Southern Europe. 

Svria; Anatolia. 

Mediterranean basin. 

Europe; Algeria; south of the (Caucasus. 

From Spain and Algeri to Greece. 

South or (Caucasus. 

Italy; Spain. 

Noixneast of India and western temperate Asia. 

Portugal; south of Spain; Algeria. 

Europe; north of Africa (7); temperate Asia. 

Europe. 

Tropical Africa. 
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Species native to the Old World — Continued. 

CULTIVATED FOR THE STEMS OR LEAVES— Continued. 
8. VAXIOU8 Uses. 



Name and duration. 



Origin. 



Tm— Theaslnensiae 

Flax andentlv cultivated— Llnum angusti- 

ioUum 4 (2) a). 
Flax now cultiYated-Llnnm usltatlaBimnm (1). 

Jute— Corohorus oapsularis (1) 

Jute— Corcbonu olftorlus (1) 

Sumach— Rhus oorlariae 

Khat-CelastruseduUse 

Indigo- Indigof era tinctoriaO 

Silver indigo— Indigofera argenteae 

Henna— Lawsonia alba 6 

Blue gum— Eucalyptus globulus 8 

Cinnamon— Cinnamonum seylanicum 7 

Ghinagrass— Boehmerianlvea4,6 , 

Hemp— Cannabis satiya (1) 

White mulberry- Moms alba 7 

Black mulberry— Moras nigra 7 

Sugarcane- Saooharumoflldnarum 7 



Assam; China; Manchuria. 
Mediterranean basin. 

Western Asia (7); derived from the prsoed- 

Java: Ceylon. 

Northwest of India; Ceylon. 

Mediterranean basin; western temperate Asia. 



Abyssinia; Arabia (7). 
India (7). 



idlaf7). 
Abvssinia; Nubia; 



EordoCsn; Sennaar; In- 



Western tropical Asia; Nubia (7). 

New Holland. 

Cevlon; India. 

China; Japan. 

Dahuria: Siberia. 

India; Mongolia. 

Armenia; northern Persia. 

Cochin China (7); southwest of China. 



CULTIVATED FOR THE FLOWERS OR THEIR ENVELOPES. 



Clove— Carophyllus aromattous 7 

Hop— Humuluslupulus4 

Carthamlne— Carthamus tinotorlus (1) 
Saflnm— Crocus satlvus 4 




Moluccas. 

Europe; western temperate Asia; Siberia. 

Arabh(7). 

Southern Italy; Greece; Asia Minor. 



CULTIVATED FOR THE FRUITS. 



gardla7 
ien8e7. 

7 ".'.'.'.'.'.. 

Bird cherry— Prunus avium 8 

Common cherry— Prunus cerasus 7 

Plum— Prunus domestica 7 

Plum— Prunus insititiaO 

Apricot— Prunus Armeniaoa 7 

Aunond— Amygdalus oommunis7 

Peach— Amygdalusper8ica7 

Common pear— Pyrus communlsS 

Chinese pear— Pyrus sinensis 7 

Apple— Pyrus malua 7 

Quinoei-Cydonia vulgaris 7 

Loquat— Eriobotrya Japonica7 

Pomegranate— Punica granatum 8 

Roseapple—Jambosa vulgaris 7 

Malay apple— Jamboea malaooensis 7 

Bottle gourd— Cucurbita lagenaria (1) 

Spanish £ourd—C. maxima (1) 

Melon— Cucumls melo (1) 

Watermelon— Citrullus vulgaris (1) 

Cucumber— Cucumls satlvus (1) 

West Indian ^lerUn— Cuoumls anguria (l) 
White gourd-melon— Benlncasa hispida (1) 

Towel gourd— Luiboyllndrlca(l) 

Angular lufla—Luibacutangula(l) 



Pacific Islands, to the east of Java^ 

India. 

East of India. 

China and Cochin China. 
Do. 

Sunda Islands; Malay Peninsula. 

Tropical Africa. 

Western temperate Asia; Mediterranean basin. 

China. 

Egypt to Morocco. 

Burma; India. 

India. 

Society, Friendly, and Fiji Isles. 

Temperate Europe and Asia. 

Temperate Europe and western Asia; east of 
North America. 

Western temperate Asia; temperate Europe. 

From the Caspian to western Anatolia. 

Anatolia; south of the Caucasus; north of Persia. 

Southern Europe; Armenia; south of the Cau- 
casus; Talyson. 

China. 

Mediterranean basin; western temperate Asia. 

China. 

Temperate Europe and Asia. 

Mongolia; Manchuria. 

Europe; Anatolia; south of the Caucasus. 

North of Persia; south of the Cauoasus; Ana- 
tolia. 

Japan. 

Persia; Afjghanistan; Beluchlstan. 

Malay Archipelago: Cochin China; Burma; 
northeast of Inaia. 

Malay Archipelago; Malacca. 

India; Moluccas; Abyssinia. 

Guinea. 

India; Beluchlstan; Guinea. 

Tropical Africa. 

IndUL 

Tropical Afrtca.(7) 

India; Malay Archipelago. 
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Species native to the Old World — Oontinued. 
CULTIVATED FOB THE FRUITS— Continaed. 



Name and duration. 



Origin. 



Snake gourd— Trlohoeanthes angulna (1) 
QoosebBrry — RIbes grossularia 5 

Red currant— Ribis rubrum 5 

Black currant— Ribis nigrum 5 

Kakl-Diospyro6Kakl7 

Date plum- Diospyros lotos 7 

Olive— Oleaeuropea? 

Aubendne— 8olanummdongena(l) — 
Flg-Flcuscarlca7 

Breadfruit— Artocarpus incisa 8 

Jack fruit— Artocarpus integrifolia 8 

Date palm- Phoenix daotylifera 8 

Banana— If usa sapientum 7 

Oilpalm— ElaeisguincensisS 



(T) 

Temperate Europe; north of Atrioa; Caaoasas; 
western Himalayas. 

Northern and temperate Europe: Siberia; 
Caucasus; Himalayas; northeast of tlie 
United States. 

Northern and central Europe: Armenia; Si- 
beria; Manchuria; western Himalayas. 

Japan; northern China. 

China; India; Afghanistan; Persia; Armenia; 
Anatolia. 

Syria; southern Anatolia and neighboring 



India. 

Center and south of the Mediterranean basin, 

from Syria to the Canaries. 
Sunda Isles. 
India. 
Western Asia and AlHca ftom the Eaphratea 

to the Canaries. 
Southern Asia. 
Guinea. 



CULTIVATED FOR THE SEEDa 

1. NUTKITIVS. 



Lltchi-NepheUum Litchi 7 

Lon»n— Nephelium lonsana? 

Rfmbutan— Nephelium Tappaceum 7 . 

Pistachio— Pistada vera 6 

Bean- Faya vulgaris (1) 

Lentil- Ervum lens (1).«^..' 

Chick-pea-Cicer arietinum (1) 

Lupin— Luplnus albus (I) . 



Egyptian lupin— Luplnus termls (1) . 
Ftola pea— Pisum arvense (1) . 



Qarden pea— Pisum sativum (I) 

8oy-I>oUchossoJa(l)6 

Pigeon pea— Cidanus indicus 

Carob— CeratonlasiilquaS 

Moth-Phaseolus aooniUfoUus (1) 

Three-lobed kidney bean— Phaseolus trilobus4(l) 

Oreea gram— Phaseolus mungo 1 (1) 

WaU- Phaseolus lablab m 

Lubia- Phaseolus lubia (1) 

Bambarra ground nut-Voandceia subternk 

nea(l) 

Buckwheat— Fagopyrumesoulentum (1) 

Tartary buckwheat— Fagopyrum tartancum (1). 
Notch-seeded buckwheat— ragopyrum emargl- 

natum (1). 

Kiery— Amarantusfrumeataceus(l) 

Chestnut— Castanea vulgaris 4 



Wheat— Trlticum vulgare and varieties (?)(!).. 

Spelt— Triticumspelta(l) 

One-grained wheat— Trltioum monoooccum (1). 



C. 
A. 
A. 
A. 
B. 
A. 

B. 



i 



(T) 



A. 

C. 

A. (?) 
C. 
B. 

C. 
(T) 



(?) 



A. 

A. 



(T) 



Two-rowed barley— Hordeum distichon (1) A. 

Common barley— Hordeum vulgare (1) (7) 

Six-rowed barley— Hordeum hejcastichon (1) A. 

Rye— Secale oereale (1) B. 

Common oats— A veoasativa (1) B. 



Eastern oats— Avena orlentalis (1) 

Common millet— Panicum mlliaoeum (1).. 

Italian millet— Panicum italicum (1) 

Sorghum— Hdcus senium (1) 

Sweet senium— Hdcus saccharatus (1). . . 

Coracan— Sleusine ooraoana (1) 

Rk»-Oryza sativa (1) 



A ^^^ 

A*. 

A. 

A. 



Southern China; CoctUn China. 
India; Pegu. 

Do. 
Syria. 

South of the Caspian (7). 
Western temperate Asia; Greece; Italy. 
South of the Caucasus and of the Caspian. 
Sicily; Macedonia; south of the Caucasus. 
From Corsica to Syria. 
Italy. 
From the south of the Caucasus to Persia (7); 

north India (7). 
Cochin China: Japan; Java. 
Equatorial Airica. 

Southemooast of Anatolia; Syria; Cyrenaica(7). 
India. 

India; tropical Africa. 
India. 

Do. 
Western Asia (7). 
Intertropical Afitoa. 

Manchuria; central Siberia. 
Tartary; Siberia to Dahurla. 
Western China; eastern Himalayas. 

India. 

From Portugal to the Caspian Sea; eastern Al- 
geria. Varieties: Japan; North America. 
Region of the Euphrates. 
Derived from the preceding (7). 
Servia: Greece; Anatolia (if the identity with 

the Trlticum boedticum be admitted). 
Western temperate Asia. 
Derived from the preceding (7). 

Do. 
Eastern temperate Europe (7). 

Do. 
Western Asia (7). 
Egvpt; Arabia. 

Chma; Japan; Indian Arohlpelago (7). 
Tropical Africa (7). 

India. ' 

India; southern China (7). 
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Species native to the Old World— Ck)ntinued. 



CULTIVATED FOR THE SEEDS— Contlmied. 
2. Vabious U8X8. 



Name and duration. 



Origin. 



Poppy— PapaYor somnifenim (1) 

White mnstard — Slnapls albal 

Black mustard— Slnapls nigra 1 

€K>ld of pleasure— Camellna satlva (1) , 

Herbaceous cotton- OoB83rplum herbaoeum 5 (1) 

Tree cotton- Oossyplumarboieum 6 

Arabian ooflee— Coilea arabloa7 

Llberian coffee— CofieaUberlca 8 

Sesame— Sesamum tndlcum (1) 

Nutmeg— Myristicafragrans 7 

Castor-oil plant— Bldnus communlsG 

Walnut— Juglansregia 8 

Black pepper=Plper nigrum 6 , 

Long pepper=Plper longum 5 

MedTclnaTpepper— Piper officinalis 5 

Betel pepper— Piper betle 6 

Areca nut— Areca catechu 7 , 

Coooanut— Cocosnudferaa 



Derived from P. setiferum of the Mediterranean 

basfai. 
(Temperate and southern Eurqpe; north of 
f Africa; western temperate Asia. 
Temperate Europe; Caucasus; Siberia. 
IndlaT^ 
Upper Egypt. 
Tropical Africa; Moiamblqae; Abyssinia; 

Guinea. 
Guinea; Angola. 
Sunda Isles. 
Moluccas. 

Abyssinia; Sezmaar; KordoCui. 
Eastern temperate Europe; temperate Asia. 
India. 

Do. 
Malav Archipelago. 

Do! 
Malay Archipelago (?); Polynesia (7) 



Bpecies of American origin, 
CULTIVATED FOR THE UNDERGROUND PARTS. 



Jerusalem artichoke- Helianthus tuberosus 4 . . . 
Potato— Solanum tuberosum 4 


E. 

D. 
E. 

D. 
F. 
F. 
F. 
D, 
E. 
E. 


New Granada (T). 
North America (^diana). 
Chill; Peru (T). 




Tropical America (where?). 
East of tropical Bradl. 
Tropical (oontinentair) America. 


Manioc— Manihot uUllsslma 6 


Arrowroot— Maranta anmdinacea 7 


Mat^— Bex paraguariensis 7 


Paraguay and western BraiU. 
East of Peru and Bolivia. 


Coca— £ryt£roxyloncoca7 


Quinine— Cinchona calisaya 7 


Bolivia; southern Pttn. 


drown bark— Cinchona of&cinalis 


Ecuador (province of Loxa). 


Red cinchona bark-Cinchona succirubra 7 

n« ^ fNlcotlana tabacum (1) 


Ecuador (province of Cuenca). 
Ecuador and neighboring countries. 


Tobacco-jgi^g^MrusSSa) ..::::::::::::.: 


Mexico (?); Texas (?); California (7). 


American aloe— Agave americaha 7 


Mexlca^ 







CULTIVATED FOR THE FRUITS. 



Sweet soD^Anona sauamo8a7 


(7) 
{V 
(?) 
E. 

J« 

F. 
E. 
E. 

E. 
E. 
E. 
E. 
E. 
E. 
F. 
E. 
E. 
E. 
E. 
E. 
E. 


West India Isles. 


Sour sop— Anona muncana 


Da 




West India Isles; New Granada. 


Chirimoya— Anona cherimolia 7 


Ecuador; Peru (7). 


Mamm<^ i^ppW^MMamm^a americanaS 


West In^ Isles. 


Cashew nut— Anacardium occidentalo 8 


Tropical America. 


Virginian strawberry- Fragaria virginlana 4 

Chile strawberry- Fmfraria chiloensis 4 


Temperate North America. 
Chile. 


Guava-Psldlumguayava7 

Pumpkin and squash— Cucurblta pepo and Me- 

lopepo (1). 
Prickly pear— Optunia ficus indlca7 


Continental Tropical America. 
Temperate North America. 

Mexico. 


Chocho^Sachium edule (1) 


Mexico (7); Central America. 
West India Isles; Panama. 


Star Mple—Chrysophyllum calnlto 7 


Caimlio— Lucurna calfnlto7 


Peru. 


Marmalade plum- Lucuma mammosa7 

SapodiUa=Sapota achras 7 


Valley of the Orinoco. 

Campeachy; Isthmus of Panama; Venesuela. 


Persimmon— Dlospyros virginlana 7 

Annual capsicum-Capsicum annum (1 ) 

Shrubby capsicum -Capslcimi frutescens 6 

Tomato— Lycopersicum esculentum (1) 


Eastern States of America. 

Braril (?). 

From ttie east of Peru to Bahia. 

Peru. 


Avocado pear— p^^r^mi gratisslma S . .\ . . . . 


Mexico. 


Papaw— l^apaya vulgaris 7 


West Indies: Central America. 


Pineapple— Ananassa satlva 4 ....... . 


Mexico; Central America; Panama; New Gra- 




nada: Guiana (?); Bahia (T). 
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Bpecies of American origin— Ckmthined, 

CULTIVATED FOR THE SEEDS. 
1. NuTBinous. 



Name and dnratidh. 


Date. 


Origin. 


Caoao^Theobroma cacao 7 


D. 

E. 
E. 
D. 




Sugar Iwan— PbafK¥>lu9 hinf^tMs 4 ^ 


catan (T). 
BraiU. 


Odinoa^GhenoDodiuin auinoa 1 


New Granada; Pern (7); Qifle (7). 


iifi\tt^7^j^9y^{\) * . 


New Granada (7). 






2. Vabious Uses. 


AmottoiMBlxa orettana 


D. 

E. 


Tnmlcal America. 


Barbados cotton- Gossypium barbadense 8 

EartbnutseaArachlsbYTHMrsBa (I) 


New Granada (7) ; Mexloo (7); West Indies. 
Brasil. 


Madias Madia satlva (1) 


Chile; Calllbmia. 






CRYPTOGRAM CULTIVATED FOR THE WHOLE PLANT. 


Mmhroom— Anrtcm oAmnestriif 4 ^ . . , . , 


C. 


Northern Hemisphere. 







Spedet cf vmknown or entirdv uncertain oH^ii.— Common hariooti-Pliaseolas vulgaris (1); Musk goord* 
Cocurbita moechata (1); Fig-leaved gourd-Cnoorbito fldfolia. 

GENEBAL OBSERVATIONS AND CONCLUBIONa 

RBGIONS WHERE CULTIVATED FLANT8 ORIGINATED. 

In the beginning of the nineteenth century the origin of most of 
our cultivated species was unknown. Linnaeus made no efforts to 
discover it, and subsequent authors merely copied the vague or 
erroneous expressions by which he indicated their habitations. Alex- 
ander von Humboldt expressed the true state of the science in 1807 
when he said : " The origin, the first home of the plants most useful 
>o man, and which have accompanied him from the remotest epochs, 
is a secret as impenetrable as the dwelling of all our domestic ani- 
mals. * * * We do not know what region produced spontane- 
ously wheat, barley, oats, and rye. The plants which constitute the 
natural riches of all the inhabitants of the Tropics, the banana, the 
papaw, the manioc, and maize, have never been lound in a wild state. 
The potato presents the same phenomenon." " 

At the present day, if a few cultivated species have not yet been 
seen in a wild state, this is not the case with the immense majority. 
We know at least, most frequently, from what country they first came. 
This was already the result of my work of 1855, with modem and 
more extensive research has confirmed in almost all points. This re- 
search has been applied to 247 species,^ cultivated on a large scale by 
agriculturists or in kitchen gardens and orchards. I might have added 
a few rarely cultivated or but little known, or of which the cultivation 
has been abandoned, but the statistical results would be essentially 
the same. 

Out of the 247 species which I have studied, the Old World has 
furnished 199, America 46, and 3 are still uncertain. 

« Bssal BUT la Geograpbie des plantes, p. 28. 

• Ck>unting two or three forms which are perhaps rather very distinct races. 
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No species was common to the tropical and austral regions of the 
two hemispheres before cultivation. Allium achoenoprdsum^ the hop 

fHwmdua lupulus)^ the strawberry {FragaHa vesca)^ the currant 
Rihis ruhrum) , the chestnut {Castanea vmgaria) , and the mushroom 
iAgaruma campestris) were common to the northern regions of the 
Old and New Worlds. I have reckoned them among the species of 
the Old World, since their principal habitation is there and there they 
were first cultivated. 

A neat number of species ori^nated at once in Europe and west- 
em Asia, in Europe and Siberia, in the Mediterranean basin and 
western Asia, in India and the Asiatic Archipelago, in the West 
Indies and Mexico, in these two regions and Colombia, in Peru and 
Brazil, or in Peru and Colombia, etc., etc. They may be counted in 
the taole. This is a proof of the impossibility of subdividing the 
continents and of classing the islands in well-defined natural regions. 
Whatever be the method of division, there will always be species 
common to two, three, four, or more regions, and others confined to 
a small portion of a single country. The same facts may be observed 
in the case of uncultivated species. 

A noteworthy fact is the absence in some countries of indigenous 
cultivated plants. For instance, we have none from the Arctic 
or Antarctic regions, where, it is true, the floras consist of but few 
species. The United States, in spite of their vast territory, which will 
soon support himdreds of millions of inhabitants, only yield, as 
nutritious plants worth cultivating, the Jerusalem artichoke and the 
gourds. Zizana CBqicatica^ which me natives gathered wild, is a grass 
too inferior to our cereals and to rice to mSke it worth the trouble 
of planting it They had a few bulbs and edible berries, but they 
have not tried to cultivate them, having early received the maize, 
which was worth far more. 

Patagonia and the Cape have not furnished a single species. Aus- 
tralia and New Zealand have furnished one tree, Etccalyptus globulus^ 
and a vegetable, not very nutritious, the Tetragonia. Their floras 
were entirely wanting in graminae similar to the cereals, in legumi- 
nous plants with edible seeds, in Cruciferae with fleshy roots.* In 
the moist tropical region of Australia, rice and Alocasia macrorrhiza 
have been found wild, or perhaps naturalized, but the greater part 
of the country suffers too much from drought to allow mese species 
to become widely diffused. 

In general, the austral regions had very few annuals, and among 
their restricted number none offered evident advantages. Now 
annual species are the easiest to cultivate. They have played a great 
part in the ancient agriculture of other countries. 

In short, the original distribution of cultivated species was very 
unequal. It had no proportion with the needs of man or the extent 
of territory. 

NUMBER AND NATURE OP CULTIVATED SPECIES AT DIFFERENT EPOCHS. 

The species marked A in the table on pages 437-446 must be re- 
garded as of very ancient cultivation. They are 44 in number. Some 

« See the Ust of the useful plants of Australia by Sir J. Hooker, Flora Tas- 
mauia, p. ex. ; and Bentham, Flora Australiensia, vii, p. 156. 
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of the species marked B are probably as ancient, though it is impos- 
sible to prove it. The five American species marked D are especially 
plants provided with roots, seeds, and fruits proper for the food of 
man. . Afterwards come a lew species having fruits agreeable to the 
taste, or textile, tinctorial, oil-producing plants, or yielding drinks 
by infusion or lermentation. There are among these only two green 
vegetables and no fodder. The orders which predominate are the 
Cruciferse, Leguminosse, and Graminace®. 

The number of annuals is twenty-two out of the forty-four, or 50 
per cent Out of five American species marked D, two are annuals. 
In the category A there are two biennials, and D has none. Among 
all the Phanerogams the annuals are not more than 60 per cent, and 
the biennials 1 or at most 2 per cent. It is clear that at tne beginning 
of civilization plants which yield an immediate return are most 
prized. They offer, moreover, this advantage, that their cultivation 
is easily diffused or increased, either because oi the abundance of seed 
or the same species may be grown in summer in the North, and in 
winter or all the year round in the Tropics. 

Herbaceous perennial plants are rare in categories A and D. They 
are onljr from 2 to 4 per cent, unless we include Braasica oleracea and 
the variety of flax which is usually perennial (i. angustifolium)^ 
cultivated by the Swiss lake dwellers. In nature, herbaceous peren- 
nials constitute about 40 per cent of the Phanerogams.** 

A and D include twenty ligneous species out of forty-nine, that is 
about 41 per cent. They are in the proportion of 43 per cent of the 
Phanerogams. 

Thus the earliest husbandmen employed chiefly annuals or bienni- 
als, rather fewer woody species, and far fewer herbaceous perennials. 
These differences are due to the relative facility of cultivation and 
the proportion of the evidently useful species in each division. 

The species of the Old World marked B have been in cultivation 
for more than two thousand years, but perhaps some of them belong 
to category A. The American species marked E were cultivated be- 
fore the discoveries of Columbus, perhaps for more than two thou- 
sand years. Many other species marked "( ?)" in the table date prob- 
ably from an ancient epoch, but as they chiefly exist in countries 
without a literature ana without archaeological records, we do not 
know their history. It is useless to insist upon such doubtful cate- 
gories; on the other hand, the plants which we know to have been 
first cultivated in the Old World less than two thousand years ago, 
and in America since its discovery, may be compared with plants of 
ancient cultivation. 

These species of modern cultivation number 61 in the Old World, 
marked C^ and 6 in America, marked F ; 67 in all. 

Classed according to their duration, they number 37 per cent an- 
nuals, 7 to 8 per cent biennials, 33 per cent herbaceous perennials, 
and 22 to 23 per cent woody species. 

The proportion of annuals or biennials is also here larger than in 
the whole number of plants, but it is not so large as among species 
of very ancient cultivation. The proportions of perennials and woody 

<»The proportions which I give for the Phanerogams collectively are based 
upon an approximative calculation made with the aid of the first 200 pages of 
SteudeVs Nomenclator. They are justified by the comparison with several 
floras. 
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species are less than in the whole vegetable kingdom, but they are 
higher than amonjg the species A of very ancient cultivation. 

The plants cultivated tor less than two thousand years are chiefly 
artificial fodders, which the ancients scarcely knew ; then bulbs, vege- 
tables, medicinal plants (Cinchonas), plants with edible fruits, or 
nutritious seeds (buckwheats), or aromatic seeds (coffee). 

Men have not discovered and cultivated within the last two thou- 
sand years a single species which can rival maize, rice, the sweet 
potato, the potato, the oreadfruit, the date cereals, millets, sorghums, 
the banana, and aoj. These date from three, four, or five thousand 
years, perhaps even in some cases six thousand years. The species first 
cultivated during the Grseco-Roman civilization and later nearly all 
answer to more varied or more refined needs. A great dispersion of 
the ancient species from one country to another took place, and at 
the same time a selection of the best varieties developed in each 

ries. The introductions within the last two thousana years took 
^ e in a very irre^ar and intermittent manner. I can not quote 
a single species cultivated for the first time after that date by the 
Chinese, tne great cultivators of ancient times. The peoples of south- 
em and western Asia innovated in a certain degree by cultivating the 
buckwheats, several cucurbitaceae, a few alliums, etc. In Europe 
the Romans and several peoples in the Middle Ages introduced the 
cultivation of a few vegetables and fruits and that of several fodders. 
In Africa a few species were then first cultivated separately. After 
the voyages of Vasco di Gama and of Columbus a rapid diffusion 
took place of the species already cultivated in either hemisphere- 
These transports continued during three centuries without any in- 
troduction of new species into cultivation. In the two or three hun- 
dred years which preceded the discovery of America and the two 
hundred which followed, the number of cultivated species remained 
almost stationary. The American strawberries, Diospyros virgimana, 
sea kale, and Tetragonia expansa^ introduced in the eighteenth cen- 
tury, have but little importance. We must come to the middle of the 
present century to find new cultures of any value from the utilitarian 
point of view, such as Eucalyptus globulus of Australia and the 
Cinchonas of South America. 

The mode of introduction of the latter species shows the great 
change which has taken place in the means oi transport. Previously 
the cultivation of a plant began in the country where it existed, 
whereas the Australian Eucalyptus was first planted and grown in 
Algeria, and the Cinchonas of America in the south of Asia. Up to 
our own day botanical or private gardens had only diffused species 
already cultivated somewhere; now they introduce absolutely new 
cultures. The royal garden at Kew is distinguished in this respect, 
and other botanical gardens and acclimatization societies in England 
and elsewhere are making similar attempts. It is probable that tropi- 
cal countries will greatly benefit by this in the course of a century. 
Others will also f£d their advantage from the growing facility in 
the transport of commodities. 

When a species has been once cultivated it is rarely, perhaps never, 
completely abandoned. It continues to be here and there cultivated 
in backward countries or those whose climate is especially favorable. 
I have passed over some of these species which are nearly abandoned, 
such as dyer's woad {Isatis tinctoria)^ mallow {Malva sylvestris)^ 
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a vegetable used by the Komans, and certain medicinal plants 
formerly much used, such as fennel, cummin, etc.; but it is certain 
that they are still grown in some places. 

The competition of species causes the cultivation of some to dimin- 
ish, of others to increase; besides, vegetable dyes and medicinal plants 
are rivaled by the discoveries of chemists. Woad, madder, indigo, 
mint, and several simples must give way before the invasion oi 
chemical products. It is possible that men may succeed in making 
oil, sugar, and flour, as honey, butter, and jellies are already made, 
without emplovinc organic substances. Nothing, for instance, would 
more completely change agricultural conditions than the manufacture 
of flour irom its own inorganic elements. In the actual state of 
science there are still products which will be more and more required 
of the vegetable kingdom; these are textile substances, tan, india 
rubber, gutta-percha, and certain spices. As the forests where these 
are found are gradually destroyed, and these substances are at the 
same time more in demand, there will be the greater inducement to 
cultivate certain species. 

These usually belong to tropical countries. It is in these regions 
also, particularly in South Ainerica, that fruit trees will be more 
cultivated — those of the order Anonaceae, for instance, of whidi the 
natives and botanists already recognize the value. Probably the 
number of plants suitable for fodder and of forest trees which can 
live in hot, dry countries will be increased. The additions will not 
be numerous in temperate climates, nor especially in cold regions. 

From these data and reflections it is probable that at the end of the 
nineteenth century men will cultivate on a large scale and for use 
about 300 species. This is a small proportion of the 120,000 or 
140,000 in the vegetable kingdom ; but in the animal world the pro- 
portion of creatures subject to the will of man is far smaller. There 
are not perhaps more than 200 si)ecies of domestic animals — ^that is. 
reared tor our use — and the animal* kingdom reckons millions oi 
species. In the great class of molluscs the oyster alone is cultivated, 
and in that of the Articulata, which counts ten times more species 
than tiie vegetable kingdom, we can only name the bee and two or 
three silk-producing insects. Doubtless the number of species of 
animals and vegetables which may be reared or cultivated tor pleas- 
ure or curiosity is very large — witness menageries and zooloffical and 
botanical gardens — ^but I am only speaking here of useful pEmts and 
animals in general and customary wnployment. 

CULTIVATED PLANTS KNOWN OR NOT KNOWN IN A WILD STATE. 

Science has succeeded in discovering the geographical origin of 
nearly all cultivated species; but there is less progress in the knowl- 
edge of species in a natural state — that is, wild, far from cultivation 
and dwellings. There are species which have not been discovered in 
this condition and others whose specific identity and truly wild con- 
dition are doubtful. 

In the following enumeration I have classed the species according 
to the degree of certainty as to the wild character, and the nature ot 
the doubts where such exist.*" 

<>The spedee in italics are of very ancient cultivation (A or D) ; those 
marked with an asterisk have been less than two thousand years in cultivation 
(C or F). 
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1. Spontaneous species — that is, wild — seen by several botanists 
far from dwellings and cultivation, with every appearance of indig- 
enous plants, and under a form identical with one of the cultivated 
varieties. These are the species which are not enumerated below; 
they are 169 in number. 

Among these 169 species 31 belong to the categories A and D, of 
very ancient cultivation, 66 have been in cultivation less than two 
thousand years, C, and the others are of modern or unknown date. 

2. Seen and gathered in the same conditions, but by a single bot- 
anist in a single locality. Three species: Cucurbita maxima, Faba 
vulgaris^ Nicotiana Tahacum. 

3. Seen and mentioned but not gathered in the same conditions by 
one or two authors and botanists, more or less ancient, who may have 
been mistaken. Two species: Uarthamua tinctoriua^ Triticum vul- 
gave. 

4. Gathered wild by botanists in several localities under a form 
slightly different to those which are cultivated, but which most 
authors have no hesitation in classing with the species. Four species : 
Olea europma^ Oryza sativa^ Solanum tuberosum, Vitis vivifera. 

5. Wila, gathered by botanists in several localities under forms 
considered by some botanists as constituting different species, while 
others treat them as varieties. Fifteen species: Allium ampelopra- 
sum porrum. Cichorium Endivia, var. Crocus sativus^ var.^ *Cucumis 
melo, Cucurbita Pepo, Helianthus tuberosus, Latuca scariola sativa, 
Linum usitatisaimum annuum^ Lycopersicum esculentium, Papaver 
somniferum, Pyrus nivalis var., *Kibis grossularia, Solanum Melon- 
gena, Spinacia oleracea var., Triticum monococcum. 

6. SuDspontaneous — that is, half-wild — similar to one or other of 
the cultivated forms, but possibly plants escaped from cultivation, 
judging from the locality. Twenty-four species: Agava americana, 
Amarantus gangeticus, Amy^dalus persica^ Areca catechu, *Avena 
orientalis, Avena sativa, Cajanus indicus, Cicer arietirmm^ Citrus 
decumana, Cucurbita mischota, Dioscorea japonica, Ervum Ervilia, 
Ervwm lena^ Fagopyrum emarginatum, Gossypium barbadense, Hol- 
cus saccharatus, Holcus sorgKxim,^ Indigofera tinctoria, Lepidum 
sativum, Maranta arundinacea, Nicotiana rustica, Panicum mUiaceum^ 
Kaphanus sativus, Spergula arvensis. 

7. Subspontaneous like the preceding, but different enough from 
cultivated varieties to lead the majority of authors to regard them 
as distinct species. Three species: * Allium ascalonicum (variety of 
A. cemL /), Allium scorodoprasum (variety of A. sativum ?), Secale 
cereale (variety of one of the perennial species of Secale ?). 

8. Not discovered in a wild state, nor even half-wild, derived per- 
haps from cultivated species at the beginning of agriculture, but too 
dinerent not to be commonly regarded as distinct species. Three 
species: Hordeum hemastichon (derived from H, distichonf) ^ Uor- 
deum vvlgare (derived from H. distichonf)^ Triticum spelta (derived 
from T. vulgaref). 

9. Not discovered in a wild state, nor even half-wild, but origi- 
nating in countries which are not completely explored, and belonging 
perhaps to little known wild species of these countries. Six species : 
Arachis hypogea, Carophyllus aromaticus. Convolvulus batatas^ 
Dolichos lubia, Manihot utilissima, Phxiseolus vulgaris. 
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10. Not found in a wild state, nor even half -wild, but originating 
in countries whidi are not sufficiently explored, or in similar coun- 
tries, which can not be defined, more diflferent than the latter from 
known wild species. Eighteen species: Amorphophallus konjak, Ar- 
racacha esculenta, Brassica chinensis. Capsicum annuum, Chenopo- 
dium quinoa,« Citrus nobilis, Cucurbita fici folia. Dioscorea alata, 
Dioscorea Batatas, Dioscorea sativa, Eleusine coracana, Lucuma 
mammosa, Nephelium Litchi, Pisum sativum, Saccharum officinanun, 
Sechium edule, Triconsanthes anguina, Zea mays. 

Total, 247 species. 

These figures show that there are 193 species known to be wild, 
27 doubtful, as half -wild, and 27 not found wild. 

I believe that these last will be found some time or other, if not 
under one of the cultivated forms, at least in an allied form called 
species or variety, according to the author. To attain this result, 
tropical countries will have to be more thoroughly explored, collec- 
tors must be more attentive to localities, and more floras must be pub- 
lished of countries now little known, and good monographs of certain 
genera based upon the characters which vary least in cultivation. 

A few species, having their origin in countries fairly well explored, 
and which it is impossible to confound with others, because each is 
unique in its genus, have not been found wild, or only once, which 
leads us to suppose that they are extinct in nature or rapidly becom- 
ing so. I allude to maize and the bean. (See pp. 316 and 387.) I 
mention also, in Article IV, other plants which appear to be becoming 
extinct in the last few thousand years. These last belong to genera 
whidi contain many species, which renders the hypothesis less prob- 
able;* but on the other hand, they are rarely seen at a distance from 
cultivated OTound, and thej haraly ever become naturalized, that is, 
wild, which shows a certain feebleness or a tendency to become the 
prey of animals and parasites. 

The 67 species cultivated for less than two thousand years (C, F) 
are all found wild, except the species marked with an asterisk, which 
have not been found or whidi are subject to doubts. This is a pro- 
portion of 83 per cent. 

What is more remarkable is that the great majority of species culti- 
vated for more than four thousand years (A), or in America for three 
thousand or four thousand years (D), still exist wild in a form 
identical with some one of the cultivated varieties. Their number is 
81 out of 49, or 63 per cent. In categories 9 and 10 there are only 2 
of these species of very ancient cultivation, or 4 per cent, and these 
are 2 species which probably exist no longer as wild plants. 

I believe, a priori, that a great number of the species cultivated 
for more than four thousana years would have altered from their 
ori^nal condition to such a degree that they could no longer be rec- 
ognized among wild plants. It appears, on the contrary, that the 
forms anterior to cultivation have commonly remained side by side 
with those which cultivators employed and propagated from century 
to century. This may be explained in two ways: (1) The period of 

» Since this list was printed I have been informed that the quinoa is wild in 
Chili. Some of the figures need modification in consequence of this error. 

^For reasons which I can not here express, monotypical genera are for the 
most part in process of extinction. 
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four .thousand jrears is short compared to the duration of most of the 
specific forms m phanerogamous plants. (2) The cultivated species 
receive, outside oi cultivated ground, continual reenforcements from 
the seeds which man, birds, and different natural agents disperse and 
transport in a thousand wavs. Naturalization proouced in this man- 
ner often confounds tiie wild plants with the cultivated ones, and the 
more easily that they fertilize each other since they belong to the same 
species. This fact is clearly demonstrated in the case of a plant of the 
Old World cultivated in America, in gardens, and which later be- 
comes naturalized on a large scale in the open country or the woods, 
like the cardoon at Buenos Aires, and the oranges in several Ameri- 
can countries. Cultivation widens areas, and supplements the deficits 
which the natural reproduction of the species may present There 
are, however, a few exceptions, which are worth mentioning in a sep- 
arate article. 

CUIiTIVATBD PLANTS WHICH ARE EXTINCT OR BECOMING EXTINCT IN A 

WILD STATE. 

These species to which I allude present three remarkable char- 
acters: 

1. Thev have not been found wild, or only once or twice, and often 
doubtfully, although the regions whence they come have been visited 
by several botanists. 

2. They have not the faculty of sowing themselves, and propagating 
indefinitely outside cultivated ground; in other terms, in such cases 
they do not pass out of the condition of adventitious plants. 

3. It can not be supposed that they are derived within historic 
times from certain allied species. 

These three characters are found imited in the following species: 
Bean {Faba vulgaris)^ chick-pea {Cicer arietinum)^ ervilla {Ervtim 
ervUia)^ lentil {Ervvm lens)^ tobacco (Nicotiana tabactim)^ wheat 
{Triticvm vulgare)^ wmze {Zea mays). The sweet potato {Convol- 
vulus batatas) should be added if the kindred species were better 
known to be distinct, and the carthamine {Carthamus tinctorius) if 
the interior of Arabia had been explored and we had not found a 
mention of the plant in an Arabian author. 

All these species, and probably others of little-known countries 
or genera, appear to be extinct or on their way to become so. Sup- 
posing they ceased to be cultivated, they would disappear, whereas 
the majority of cultivated plants have become somewhere naturalized 
and would persist in a wila state. 

The seven species mentioned just now, excepting' tobacco, have seeds 
full of fecula, which are the food of birds, rodents, and different 
insects, and have not the power of passing entire through their ali- 
mentarjr canal. This is probably the sole or principal cause of their 
inferiority in the struggle for existence. 

Thus my researches into cultivated plants show that certain species 
are extinct or becoming extinct since the historical epoch, and that 
not in small islands but on vast continents without any great modifi- 
cations of dimate. This is an important result for th^ history of all 
organic beings in all epochs. 
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CONCLUDING KBMAHKfl. 

1. Cultivated plants do not belong to any particular category, for 
they belong to 61 different families. They are, howevw, all pnanerog- 
amous except the mushroom {Agaricus campeatris). 

2. The characters which have most vari^ in cultivation are, be- 
ginning with the most variable: (a) The size, form, and color of the 
fleshy parts, whatever organ they belong to (root, bulb, tubercle, 
fruit, or seed) and the abundance of fecula, su^ar, and other sub- 
stances which are contained in thesa parts; (b) the number of seeds, 
which is often in inverse ratio to the development of the fleshy parts 
of the plant; (<?) the form, size, or pubescence of the floral organs 
which persist around the iruits or seeds; {d) the rapidity of the 
phenomena of vegetation, whence often results the quality of lig- 
neous of herbaceous plants, and of perennial, biennial, or annual. 

The stems, leaves, and flowers varjr little in plants cidtivated for 
those organs. The last formations oi each yearly or biennial growth 
vary most; in other terms, the results of vegetation vary more than 
the organs which cause vegetation. 

3. I have not observed the slightest indication of an adaptation to 
cold. When the cultivation of a species advances toward the north 
(maize, flax, tobacco, etc.) it is explained by the production of early 
varieties, which can ripen before the cold season, or by the custom of 
cultivating in the north in summer the species which m the south are 
sown in winter. The study of the northern limits of wild species had 
formerly led me to the same conclusion, for they have not changed 
within historic times, although the seeds are carried frequently and 
continually to the north of each limit. Periods of more than four 
or five thousand years or changements of form and duration are 
needed apparently to produce a modification id a plant which will 
allow it to support a greater degree of cold. 

4. The classification of varieties made by agriculturists and gar- 
deners is generally based on those characters which vary most 
(form, size, colors, taste of the fleshy parts, beard in the ears of corn, 
etc.). Botanists are mistaken when they follow this example; they 
should consult those more fixed characters of the organs for the sake 
of which the species are not cultivated. 

5. A noncultivated species being a group of more or less similar 
forms, among which suDordinate groups may often be distinguished 
(races, varieties, subvarieties) , it may have happened that two or 
more of these slirfitly differing forms may have been introduced 
into cultivation. This must have been the case especially when the 
habitation of a species is extensive, and yet more when it is dis- 
junctive. The first case is probably that of the cabbage (Brassica) , of 
flax, bird cherry {Prurms avium) , the common pear, etc. The second 
is probably that of the gourd, the melon, and trefoil haricot, which 
existed previous to cultivation both in India and Africa. 

6. No distinctive character is known between a naturalized plant 
which arose several generations back from a cultivated plant and a 
wild plant sprung from plants which have always been wild. In any 
case, m the transition from cultivated plant to wild plant the particu- 
lar leatures which are propagated by grafting are not preserved by 
seedlings. For instance, the olive tree which has become wild is the 
oleaster, the pear bears smaller fruits, the Spanish chestnut yields a 

72639— S. Doc. 676, 60-2, vol 3 15 Digitized by GoOglc 
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oommon fruit. For the rert, the forms naturalized from cultivated 
species have not yet been sufficientlv observed from generation to 
generation. M. Sa^t has done this for the vine. It would be inter- 
esting to compare m the same manner with their cultivated forms 
Citrus, Persica, and the cardoon, naturalized in America, far from 
tiieir original home, as also the Agave and the prickly pear, wild in 
America, with their naturalized varieties in tne Old World. We 
should know exactly what persists after a temporary state of culti- 
vation. 

7. A species may have had, previous to cultivation, a restricted 
habitation, and subsequently occupy an immense area as a cultivated 
and sometimes a naturalized plant. 

8. In the history of cultivated plants I have noticed no trace of 
communication between the peoples of the Old and New worlds before 
the discovery of America by CJoIumbus. The Scandinavians, who had 
pushed their excursicms as far as the north of the United States, and 
the Basques of the Middle Ages, who followed whales perhaps as far 
as America, do not seem to have transported a single cultivated 
species. Neither has the Oulf Stream produced any e^ct Between 
America and Asia two transports of useful plants perhaps took place, 
the one by man (the Batata, or sweet potato) , the other by the agency 
of man or of the sea (the cocoanut palm). 
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THE PRINCIPAL DROUGHTS IN THE PERIOD FROM 1870 TO 1906 
AND THEIR INFLUENCE ON THE CORN CROP. 



B7 A. F. Woods, 

AsslBted by B. H. Bbadlet, 

Bureau of Plant Industry, U. 8. Department of Agriculture, 



Prof. A. J. Henry, in the Yearbook of the Department of Agricul- 
ture for 1907, stated: 

The years of minimum rainfall or drought from 1871 to 1896 fall in groups 
separated by irregular intervals. The first group centers about 1871; the sec- 
ond, 1881; the third, 1887; and the last, 1894-«5. The drought of 1887 was 
severe in some months, but not consistently so throughout the entire season. 
The droughts of 1881 and 1894 were widespread and severe. The former was 
confined principally to States east of the Alleghenies, whUe the latter was 
felt from Nebraska eastward to Massachusetts and southward to Alabama. 

Prior to 1870 the few records available indicate a severe drought in 1860 in 
Kansas and western Missouri, more severe than has since been experienced. 
Widespread drought in the central valleys and Lake region also occurred in 
18C3. The periods of extensive drought in chronological order are, therefore, 
1860, 1803. 1870-71, 1881, 1887, and 181M-95.* 

Th^e have been, of course, several local droughts in various portions of the 
United States during the intervening years, as there must alwasrs be in a terri- 
tory of such vast extent 

The smallest amount (of rainfall) that may be expected in the great com 
and wheat regions of the central valleys does not vary greatly from 9 to 10 
inches (from April 1 to September 30). In the South Atlantic and Gulf States 
the fall in the year of least rain ranges from a maximum of 20 inches in 
central and northern Florida to less than 15 inches in the Mississippi Valley 
and a considerable fringe of country to the westward. The amount of rain 
that falls in the year of severe drought in the greater part of the Southeastern 
States is sufficient for the growth and maturity of staple crops if properly dis- 
tributed. Success in agricultural pursuits, so far as conditioned upon the rain- 
fall, should therefore be more easily achieved in the Southeastern States tlian 
elsewhere, particularly in regions of precarious rainfall.^ 

In Bulletin Q of the Weather Bureau, Climatology of the United 
States, by Henry, published in 1906, attention is called especially to 
the severe droughts of 1870, 1874, 1881, 1886, 1887, 1893, 1894, and 
1895. The following pases contain extracts from Bulletin Q and 
data obtained from articles on weather and crop conditions, pub- 
lished annually in the Yearbooks of the Department of Agriculture. 

DBOXTOHT OV 1870. 

Local in character; southern Ohio, Wisconsin, and Missouri. 
In southern Ohio the rainfall from August 1 to September 80 was 
about H inches. 

' In addition to the drought years mentioned al>ove, a severe drought occurred 
in 1901, which cut the com crop very short. This drought prevailed from June 
24 to July 29— thirty-six days— over the States of the central valleys and middle 
Rocky Mountain region, and also in lesser degree in the Lake region, the Ohio 
Valley, and Tennessee. A very serious drought also prevailed during 1890 over 
the greater portion of the com belt 

•a. J. Henry, RainfaU of the Crop Season, Yearbook, U. S. Dept Agr., 1897. 
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At Bfilwaukee the precipitation for April was i inch ; May, -fif inch ; 
June, 2i inches. 

Dry weather also prevailed in Missouri. 

The drought apparently had no effect on com ; in fact, the average 
crops were greater for 1870 than for preceding year, being 6 bushels 
above the average for forty years in Ohio, 7 above Wisconsin, but 8 
below the average in Missouri. 

DB0T7QST OV 1874. 

A severe drought prevailed in Kansas, Nebraska, Iowa, Missouri, 
Illinois, and Indiana, and in less marked degree in the middle and 
lower Mississippi valleys. 

Eastern Kansas was affected the worst, where for a period of eighty 
days slightly over 2 inches of rain fell. At Leavenworth, Kans., 
from June 15 to July 8 — ^twenty- four days — ^practically no rain fell. 

Average yield of com in bushels per acre. 



state. 


1873. 


1874. 


1875. 


Nonnal. 


iD^liflll* 


2&6 
21.0 
29.0 
23.6 
3&0 
39.1 
29.5 
22.5 
16.6 
10.6 
23.6 


27.0 
18.0 
29.2 
16.0 

lao 
ia6 

25.0 
16.8 
13.8 
15.6 
12.6 


84.0 
34.3 
35.0 
3&6 

4ao 

40.0 
33.3 
26.6 
18.0 
15.5 
80.0 


81.4 


Tllinnlf 


30.8 


Iowa 


32.4 


Missouri 


28.5 


Nebraska 


30.4 


Kansas 


27.2 


Kentucky 


26.4 


TwiiwsMe. . . . , , 


22.1 


IfteMmii. 


15.0 




16.8 


Arkansas... 


21.0 







Note. — This drought prevailed in 11 States, 8 of which showed reduced pro- 
duction of com as compared with the previous year (1873), and all showed 
lower yields than those of the following year (1875). The yields in all these 
States were also below the normal for the forty years, being 4 below in Indiana, 
12 below in Illinois, 3 in Iowa, 14 in Missouri, 20 in Nebraslta, 17 in Kansas, 
1^ in Kentucky, 5 in Tennessee, 1 in Mississippi, 1 in Louisiana, and 8 in 
Arkansas. 

DBOXTOHT OF 1876. 

A severe drought occurred this year in New England, the Middle 
Atlantic States, the Ohio Valley, and lower Lake region; it also pre- 
vailed quite generally south of the Ohio River and east of the Missis- 
sippi. No figures as to precipitation are available. 

Only in the following States of the affected region, however, did 
the com yield fall below the normal for the forty-year period, 1867- 
1906: 

Average yi^4 'of cam in husheU per acre. 



Btoto. 


1876. 


1876. 


1877. 


Nonnal. 


Ifatne 


aa5 

34.0 

ia2 

34.0 
34.3 


31.0 

8ao 

&2 

3ao 

2&0 


36lO 
32.0 
9.0 

3ao 

2d.O 


33.2 


New York. 


31.0 


ft<inth TArnlinft 


9.7 


Indiana 


31.4 


nilnoi«.. 


30.3 
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This was a year of serious drought, which affected practically the 
entire country east of the Mississippi Eiver and lasted from July to 
September. 

The precipitation at Indianapolis from June 22 to August 30 
(seventy days) was 1^ inches; at Indianapolis, May 15 to June 4 
(twenty-one days), less than i inch; at Pittsburg, Pa., from May 7 
to May 29 (twenty-three days), V\f inch; June 18 to July 15 (twenty^ 
eight days), 1 inch; August 1 to September 25 (fifty-six days), 1^ 
inches. 

Average yield of com in husJieli per acre. 



SUte. 


1880. 


1881. 


1882. 


Nomua. 


ICalTM 


85.4 
38.0 
32.0 
33.6 
30.0 
29.0 
34.8 
41.0 
40.0 
32.0 
32.0 
25.0 
30.0 
16.4 
0.3 
0.2 
0.4 
37.5 
20.0 
27.2 
40.7 
33.0 
29.1 
22.4 
12.4 
14. • 
10.0 
25.0 
25.0 
38.0 
28.4 
31.0 
20.3 


36.4 
34.2 
35.7 
25.1 
27.0 
26.5 
26.4 
23.2 
25.2 
14.4 
24.2 
15.0 
22.7 
11.7 
6.7 
8.3 
8.8 
26.4 
21.8 
10.4 
28.0 
27.6 
17.6 
12.4 
0.9 
11.0 
13.0 
11.0 
14.8 
25.8 
16.5 
27.4 
18.2 


29.2 
23v4 
33.9 
21.7 
23.0 
20.1 
27.5 
28.9 
31.3 
18.9 
26.9 
19.1 
26.4 
14.0 
12.0 
13.3 
9.6 
31.3. 
31.3 
23.0 
30.7 
28.8 
94.3 
24.1 
13.9 
16.8 
18.5 
19.3 
21.6 
25.9 
29.5 
34.9 
38.7 


33.2 




35.0 


V«nnont..' 


35.0 


MMnadnnnttn 


34.8 


Rhode Tiflftnd 


36.4 


Oonn^M'tkvit 


32.6 


New York 


31.0 


M0W Jersey 


84.2 


PunFfffylTADia ^ ..,...r...,.-.T.T...t,-,-.T.-.^.T,-,, 


33.3 


DdawaiB 


32.8 


If ftrvKpd 


26.7 


Vininia 


19.2 


West VirgiDia 


25.9 


North Caroltoa 


13.6 


South Carol ina 


9.7 


Ooorgia 


11.0 


Florida 


0.9 


Ohk> • - 


33,0 


Indiana 


31.4 


Illinois 


80.3 


Htchigan ,... 


30.8 


Wlaocmsin 


31.2 


Kentucky 


26 7 


TnomMee 


22.1 


Alabama 


13 1 


Iflflrinippl 


15.0 


liOulsiaiia r 


16 8 


Texas 


20.0 


itlEaanms 


21 


Iowa . 


32 4 


liissotui I 


28.6 


Nebraska 


3D 4 




27.2 







In every State east of the Mississippi River, with the exception 
of Maine, New Hampshire, and Vermont, the yield was lower than 
for the preceding year, 1680, and in nearly every case lower also 
than for the yields for the following year, 1882. This was true also 
of the yield as compared with the average for the forty-year period. 

The production of com in California, Oregon, and Nevada was 
also below the forty-year average for this year. For the whole coun- 
try the average yield was 18.6 bushels, as compared with 25.5 bushels 
for the forty years — the lowest annual average for the forty-year 
period, with the exception of the year 1901. 

DBOXr/QHTB OF 1886 AND 1887. 

1886. — Severe drought in Kansas, Nebraska, the Dakotas, Iowa, 
Minnesota, and western Wisconsin. 

1887. — ^This vear was also characterized by a severe and prolonged 
drought over the Ohio Valley, Michigan, Indiana, Illinois, Missouri| 
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Iowa, Nebraska, Kansas, Mmnesota, Louisiana, Mississippi, Alabama, 
and portions of the Miadle Atlantic States. 

At Iowa City, Iowa, from Ma^ 13 to the end of July, 1886, a period 
of 83 days, 0.95 inch of rain fell, being scarcely 1 per cent of the 
normal. 

" The drought of 1887 was severe in some months, but not consist- 
ently so throughout the entire season.*' (A. J. Henry, in Yearbook, 
1897.) 

Average yield of com in bushels per acre. 



state. 


1885. 


1881 


1887. 


1888 


NonnaL 


NtwTork* 


30.7 
32.0 
32.S 
If. 3 
22.8 
14.0 
28.8 
37.1 
38S 
31.4 
32.7 
30.1 
28.4 
32.1 
81.8 
28.0 
88.7 
83.4 
25.6 
21.2 
18.4 
18.4 
18.8 


31.8 
27.2 
28.2 
16.8 
2a9 
15.5 
22.8 
32.2 
31.0 
84.5 
20.1 
28.7 
20.8 
25.1 
22.2 
23.0 
27.4 
21.8 
25.2 
20.7 
12.1 
13.1 
15.8 


38.0 
30.0 
32.2 
20.0 
27.0 
17.5 
10.0 
28.3 
20.0 
10.2 
22.5 
25.3 
20.8 
25.5 
22.0 
38.0 
34.1 
14.8 
18.3 
21.5 
13.8 
17.8 

lao 


82.4 
32.4 
32.5 
17.4 
23.7 
18.3 
23.8 
32.5 
34.8 
86.7 
30.0 
30.8 
29.3 
36.8 
31.0 
25.5 
35.2 
26.7 
26.8 
20.8 
12.7 
14.7 
14.8 


81.0 


N«w J«rwj« 


84.3 


p#fiTMjiTanli« 


33.3 


DttlAwikTt • 


23 8 


liaryland* 


26.7 


VlTflllJl* 


10 2 


wA Vlrff nte • ... 


25 


OhJo*...". 


33.0 


IxKllaiia* 


31 4 


niinols* 


30 3 


Mlohinn* 


80 8 


Wisconsin^ 


31.2 


MtniMsotft*^ 


SOLO 


lowa*^ 


88.4 

38.5 


Mimmirf* 


Dftkvtft* .. 


33.3 


Ntr>nifllr*«* . 


30 4 


Kanmi -' 


37 3 


K:tii1;n9lr7« , 


36.4 


TinngnM* 


33 1 


AlabaniA* , . 


13.1 


MiMrfffflin>l • ... 


15 


TrfHiifflfini* r 


16.8 





•18S7. 



»188tt. 



The area of the drought of 1886 probably also extended over the 
eastern part of the country, although data are lacking on this point 
An examination of the foregoing figures, however, shows marked 
reductions in yield for this year in New Jersey, Pennsylvania, Dela- 
ware, Maryland, and Virginia, doubtless due to drought. 

The drought of 1887 appears, from a study of the figures, to have 
been particularly severe m the Ohio Valley and Lake re^on, and in 
the central Mississippi and Missouri valleys, where reductions in yield 
from the normal of from 6 to 13 bushels per acre were noted. 

DBGXraHT OV 18M. 

Beginning with July, a drought of considerable proportions began 
over the CTeater part oi the States embraced within the com belt, the 
amount oi precipitation for the month raujpng, at many points, irom 
60 to less than 25 per cent of the average fall. Reports from numer- 
ous correspondents over the above-mentioned section indicate that 
com was suffering seriously from the prevailing dry weather. The 
deficiency in rainfall continued during August and into September 
over a large portion of the more northern and western States of the 
com belt. 
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State. 


1889. 


1880. 


1881. 


Nor- 
mal. 


N«w York 


».3 

8as 

28.8 
17.5 

aao 

148 
S2.4 
88.0 
98.0 
S3.8 
28.6 
88.6 
83.2 
86c6 
8&3 
20.6 
2%0 
18.6 
148 
17.6 

las 
2ao 

l&O 
25.4 


2&0 
81.8 
37.6 
18.6 
32.6 
17.6 

2ao 

28.6 
217 
26.3 

38.7 
36.0 
2&8 
18.0 
l&O 
22.0 
18.8 

ia2 

12.6 
10.0 
1&6 
10.7 
18.0 
18.2 


8L8 
842 
88.8 
22.0 
26.6 
18.7 
37.8 
82.0 
88.8 
88.6 
28.6 
86.7 
28.0 
8&2 
20.7 

oao 

22.7 
12.7 
1&2 
17.8 
10.6 
21.2 

*2L5' 


81.0 


N«wJ«rwT 


842 


i*»"^Tanit.. 


88.8 


Delftvvre 


22.8 


HtfTiand 


26.7 


VlnAqt# . , 


18i2 


Wii«t Vinrifilfi 


25.0 


Ohio...!:!":.::::::;:::;::;..::::::::::.:::: :::;:.::::::::::::::::;:; 


88.0 


TMteni^ 


81.4 


niinoit.. .. 


8a8 


MMilfin 


8a8 


lowa^T?:; 


82.4 


MUmmiil .... 


38.6 


K«hnf)m 


88.4 


Kanggf 


37.2 


TmtmrlT.., 


26.4 


TmnMSM .,. 


22.1 


Alftbomft 


18.1 


IfflniiaiTrpI, 


15.0 


T^MiwJS^ 


10.8 


T>xiw 


20.0 


Arkuiflu ,, 


21.0 


Tht PftkotM. , 


23.2 


Colorado 


22.0 







While the above figures call attention to the principal States af- 
fected by the drought of 1890, with the exception of most of the 
New England States and South Carolina, every State in the Union 
showed reduced vields of com as compared with tiie average for the 
forty-year period, and the avera&;e for the whole country f elTs bushels 
below the normal for the period. 

DBOXrOHTS OV 1894 AND 1896. 

Professor Henry, in Climatology of the United States, says: 

The greatest drought this country has experienced in the past 100 years, 
both as to its intensity and the extent of territory covered, culminated in the 
middle Mississippi and Missouri valleys in 1894, and in the Lake region and 
Atlantic coast districts in 1895. 

DBnCIBNT RAINFALL IH 1893. 

The drought of 1894 was the culmination of a period of deficient rainfaU 
and high temperatures that began during the early summer of 1898. 

DBOUOHT OF 1894. 

The seasonal rainfall from March 1 to October 1 was largely deficient from 
the Missouri Valley eastward to the Atlantic, including the coast States from 
the Oarolinas northward. A marked deficiency also occurred in the Central 
Gulf States and California. The seasonal deficiency in rainfall exceeded 10 
inches in portions of New E2ng1and and the Middle Atlantic States, eastern 
Florida, on the central Gulf coast, eastern Tennessee, and from the Ohio VaUey 
northward over the central Mississippi and Missouri valleys. In but one week, 
from April 80 to September 10, did the rainfall for Huron, S. Dak., which is in 
the region of severe drought, exceed the weekly average at that station, while 
the temperature was above the normal throughout almost the whole of the 
same period. While the actual deficimicy in rainfall of 12 inches in caitral Iowa 
was equaled or exceeded in portions of Florida and eastern Tennessee, in 
no other section of the country east of the Rocky Mountains did the seasonal 
raiufall form so small a percentage of the normal amount as in Iowa and the 
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eastern portions of Nebraska and South Dakota, where the actual rainfoU was 
only about 60 per cent of the usual seasonal amount, although portions of New 
England, the Middle Atlantic States, and eastern Tennessee received less than 
60 per cent of the seasonal rainfall. 

The extensive and protracted drought of July and August was very injurious 
to crops, most seriously affecting the com crop, the principal corn-producing 
States being covered by the region of severest drought 

Rains of April were general deficient in almost all parts of the country, 
except northern Pacific coast, upper Missouri Valley, and upper Mississippi 
Valley, although the deficiency east of the Mississippi was not especially marked 
except along the south Atlantic coast. 

In May the greatest deficiency in precipitation, 3 inches or more, occurred in 
the States of South Dakota, Nebraska* Kansas, Iowa, Illinois, and Missouri. 

In June, July, and August the drought continued unabated in these States 
and extended into the upper Missouri and Ohio valleys, the Lake region, and 
portions of New Bngland and Middle Atlantic States. The months of July and 
August were exceptionally dry in the Ohio Valley, Lake region, Missouri Valley, 
and middle and upp^r portions of the Mississippi Valley. Over this great area 
less than 2 inches of rain, on the average, fell in two months. In Iowa the 
average precipitation for July was 0.6 inch — 3.7 inches below the normal; In 
August, 1.6 inches — 2 inches below normal. The rainfall of September was not 
far from normal in the drought-stricken region of the Middle West, but con- 
tinued below normal in a number of other districts. 

DBOUOHT OF 1895. 

The shortage of rainfall during 1895 was almost as great and as widespread 
as in the previous year, but the region of greatest intensity was shifted from 
the middle Mississippi Valley eastward to the Lake region and upper Ohio 
VaUey.« 

EFFECT OF DROUGHT ON CROP PBODUCTION. 

Notwithstanding the widespread deficiency in annual precipitation, the total 
crop production in the United States for both 1894 and 1895 did not fall greatly 
below a normal year, except that the com crop for 1894 and the hay crop for 
1895 were both short crops. The average yield per acre for com in 1894 was 
19.4 bushels, as against an average of 23.5 bushels for ten years, 1892-1901. 

The com yield for 1894 was generally below the normal, and was much below 
it in Kansas, Iowa, and Nebraska — in the two last the lowest recorded for those 
States. In both States the precipitation for the summer was also the least 
recorded, while in July the average rainfall for Iowa and eastem Kansas and 
Nebraska was only about one-half inch. In Iowa, the month of July, 1894, was 
the driest ever experienced. 

According to Mr. J. Warren Smith,^ of the United States Weather Bureau, 
the precipitation for 1895 in the great corn States of the Middle West was 
abundant, and excessive in Missouri and Kansas. An examination of the avail- 
able statistics fails to show any marked decline in com yields in 1895; in fact, 
the general average for the whole country was above the normal. 

• See Climatology of the United States, by A. J. Henry, p. 62. Statistics show, 
however, that, even In the Lake region and Ohio Valley, the yields were lower 
for 1894 than for 1895; in fact, the general average for the whole country in 
1895 is above the normal. 

^ See Relation of Precipitation to Yield of Com, by J. Warren Smith, Year- 
book, Dept. of Agr., 1903, 
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State. 


1802. 


1893.0 


1894. 


1896. 


1896. 


Nor- 
maL 


Miiiie... 


8S.5 
37.8 
38.0 
38.7 
33.4 
34.6 
33.0 
31.0 
30.6 
18.7 
20.0 
16.3 
10.2 
10.6 
11.2 
9.0 
12.2 
13.7 
14.8 
21.4 
22.6 
29.4 
29.3 
25.2 
23v3 
20.3 
17.6 
25.0 
27.3 
27.0 
27.7 
28.3 
24.6 
28.2 
21.4 
22.3 
22.3 
19.4 
18.6 
18.1 
16.8 
l&O 
21.6 
30.3 
17.4 
20.0 


80.8 
31.7 
32.4 
33.6 
24.4 

rs 

26.9 
24.6 
24.0 
24.2 
18.9 
12.3 

7.7 
11.1 

9.7 
11.6 
13.1 
14.2 
17.0 
21.7 
23.8 
24.7 
25.7 
23.6 
21.3 
16.2 
23.7 
29.8 
28.3 
27.9 
8a.9 
21.3 
25.2 
20.7 
23.7 
16.6 
27.6 
18.6 
21.6 
19.5 
21.3 
217 
37.1 
17.8 
25.3 


89.9 
34.8 
40.8 
34.6 
31.4 
81.0 
8&2 
33.1 
32.0 
22.0 
22.9 
19.1 
13.4 
11.2 
11.7 
10.1 
13.7 
17.2 
16.2 
19.0 

ia6 

26.3 
28.9 
28.8 
23.0 
21.9 
19.2 
28.2 
20.7 
18.4 
22.0 
16.0 
11.2 

6.0 
19.2 

4.2 
19.7 
32.7 
30.0 
24.4 
28.6 
20.8 
25.4 
19.3 
18.6 
19.1 


42:0 
40.2 
46.0 
43.9 
80.9 
37.9 
36.0 
33.0 
33.6 
21.0 
26.8 
18.0 
14.6 
11.1 
13.3 
11.2 
16.9 
15.8 
18.1 
26.4 
24.2 
32.6 
32.8 
37.4 
31.2 
26.0 
21.6 
83.8 
31.8 
81.2 
36.0 
35.1 
24.3 
16.1 
21.3 
11.1 
20.7 
26.0 
27.6 
20.8 
3a7 
17.1 
26.4 
34.6 
96.0 
27.2 


37.0 
42.0 
41.0 
43.0 
84.0 
38.0 
84.0 
83.0 
40.0 
22.0 
82.0 
21.6 
12.0 

9.0 
11.0 
10.0 
12.6 
13.6 
13.0 

9.6 

aao 

41.0 
36.0 
40.6 
28.0 
28.0 
13.6 
88.0 
37.0 
80.6 
27.0 
39.0 
28.0 
37.6 
35.0 
26.0 
16.0 
26.0 
26.0 
25.0 

"iio' 

22L0 
37.0 


83.2 


New HftmpshirB 


36.0 


Vermont . .• 


36.0 


HMSMhnwttA 


34.8 


RhodA Tfliind ^ , , 


30.4 


Coonecticat 


32.6 


New York 


31.0 


NewJeraey 


84.2 


PAfifMylvtiilft , 


33.3 


Delawire 


22.8 


Maryland 


26.7 


Virginia 


19.2 


North GaroUna 


13.6 


Sont^ ^-IM^In^ 


9.7 


Georgia 


11.0 


Florida 


9.9 


Al^hAirm . 


18.1 


Hisisslppi 


16.0 


iMiMt^k 


16.8 


Texan 


20.0 


Weat Virginia 


26.9 


Ohio 


33.0 


Indiana 


31.4 


nilnois 


30.3 


Kentucky 


26.4 


Tenneaspe 


22.1 


Arkaniwi. , 


21.0 


Michigan 

Wisconsin 


80.8 
31.2 


Minnesota 


30.0 


Missouri 


28.6 


Iowa 


32.4 


Kansas 


27.2 


Nebraska 


30.4 


North Dakota 


22.1 


South Dakota 


23.6 


Colorado 


22.0 


Montana 


24.8 


Wynrftinr 


24.6 


u6ih!:!^v;::::::::.::.. ....::.:.. .....:.:::::: 


22.6 


Td«)w 


26.1 


Washington 


21.6 


Oregon 


25.6 


CaUtomia 


31.4 


Arisona 


21.6 


New Mexico 


22.0 







•The drought of 1894 was the culmination of a period of deficient rainfall and high 
temperatures that hegan during the early summer of 1893. 



WEATHEB CONDITIONS FOB 1896 AND 1897. 

The com crop of 1896 was above the average for the country for 
the 40-year period. Available data show that for the greater part 
of the corn belt abundant rains prevailed, with the exception that in 
the Western Gulf States the precipitation for the whole year was 
12.5 inches below the normal rainfall, and in the South Atlantic 
States it was 10.7 inches below.* 

In 1897 droughty conditions prevailed over portions of Texas, 
Arkansas, Missouri, Tennessee, Kansas, Louisiana, Virginia, Ken- 
tucky, and North Carolina. Cool weather and frosts during the earlv 
summer seriously injured com in Wisconsin, Minnesota, and North 
Dakota. 

^ See RalnfaU of tlie Crop Season, by A. J. Henry, Yearbook, Dept of Agr., 
1897, p. 616. 
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Average yield of cam in bushels per acre. 



• State. 


1806. 

21.6 
12.0 
9.0 

lao 

13.0 
0.6 
13.6 
28.0 
23.0 
28.0 
27.0 
37.0 
3a6 
36.0 


1807. 


Nor- 
mal* 


VIrfflnH 


lao 

18.0 
0.0 
8.0 
17.0 
18.6 
16,0 
23.0 
21.0 
18.0 
26.0 
88.0 
26.0 
17.0 


10.2 


North CaroUna 


13.6 


ftMith rftmltTi^ 


0.7 


Florida 


0.0 


Louisiana 


16.8 


Texas 


20.6 


Arkansas , , ,. .,,, , , 


21.0 


Kentucky 


26.4 


Tennessee ..... 


22.1 


Kansas ^ ^ . . 


27.2 


MiMAOri 


28.6 


Wisconsin 


81.2 


HlnnesoU 


30.0 


North Dakota 


22.1 







WEATHEB CONDITIONS FOB 189a 

On the whole the season was generally favorable for com. 

Severe local droughts occurred in California from about April 1 
to May 15 (interrupted with slight rainfall in the southern portion 
during the week ending Mav 2) . Excessive heat and drought oc- 
curred during tibe latter hair of August in parts of Nebraska, Kan- 
sas, Missouri, and generally in the States of the eastern Rocky 
Mountain slope. 

LOCAL DBOXraHT OV 1899. 

Season generally very favorable for com. Late com was injured 
considerablj^ by droughty which prevailed from about August 10 for 
two weeks in parts of Missouri, Kansas, and Nebraska, and from 
about August 20 for three to four weeks over the CTeater part of 
Oklahoma, Texas, southern Missouri, and States of me central Mis- 
sissippi and Ohio vallevs. 

A glance -at the following figures will show the effect of the 
drouf^t: 

Average yield of com in bushels per acre. 



state. 


1800. 


Normal. 


State. 


1800. 


Normal 


KentuokT. 


21.0 
20.0 
20.0 
10.0 
18.0 


26.4 
22.1 
21.0 
23.5 
20.0 


UfflfonH 


26.0 
27.0 
28.0 
26.0 
81.0 


28.5 


Tannwoa 


Kansatt . 


27.2 


ArkanftftA 


Nebraska. 


80.4 


Oklahoma 


Mffhlean 


80.8 


^*Qxas 


Iowa 


32.4 




i 





LOCAL DB0X70HT OF 1900. 

The Weather Bureau reports the year for the coimtry as a whole 
as a good com year. 

A condition of drought occurred from about May 7 to July 1, with 
intermittent periods of very slight rainfall, in portions of the upper 
Missouri Valley. The droughty conditions were reported to be 
especially severe in eastern Montana and North Dakota, and the 
following figures, so far as corn crop is concerned, show the influence 
of the d^ weather in these States: 
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State. 


1900. 


Nor- 
mal. 


North Dakota. 

Montana , 


18.0 
lfi.0 


22.0 
25.0 







DBOUGHT OF 1901. 

A severe drought occurred in 1901, which cut the com crop very 
short. 

This drought prevailed from June 24 to July 29 — ^thirty-six days- 
over the States of the central vallevs and middle Kocl^ Mountain 
r^on, and also in lesser degree in the Lake region, the Ohio Valley, 
and Tennessee. 

After July 29 rains occurred over the larger part of the drought 
area of the Mississippi and upper Missouri valleys, but drought con- 
tinued about a week longer, becoming very serious in the Ohio Val- 
ley and Tennessee. 

•Averaffe yield of com in bushels per acre. 



State. 


1900. 


1901. 


1902. 


Nor- 
maL 


WertVlreinla 


27.0 
87.0 
38.0 
87.0 

4ao 

33.0 
38.0 
2&0 
27.0 
26.0 
19.0 
19.0 
2«.0 

2ao 

11.0 
17.0 
l&O 
2&0 
19.0 


23.0 
20.1 
19.8 
2L4 
27.4 
26.3 
2&0 

lai 

2L0 
14.1 
7.8 
17.1 
16.6 
14.2 

ia9 

13.7 
1L6 
7.3 

ai 

12.0 


2&5 
38.0 
37.9 
3a7 
28.2 
22.8 
32.0 
39.0 
1&9 
32.3 
2a9 
16.6 
27.0 
21.9 
11.5 
12.5 
8.1 
25.8 
2L3 
24.9 


25.9 


Ohio....:. 


8ao 


TpHiftp^.. 


31.4 


piinoiff , , 


3a3 




31.2 


Minnesota ... 


3ao 


Iowa 


32.4 


Missouri 


2&5 


South Dakota 


2a5 


Nebraska 


3a4 


Kan«^ 


27.2 


Colorado 


22.0 


Kentucky. . , . , . 


2&4 


T^pnewee. 


22.1 


Mississippi 


15.0 


JjOiiisiana 


ia8 


Texas , , 


2ao 


Oklfthomftx X .... . , 


23.6 


Arkansas 


21.0 


Indian TeiTitft»y . . 


27.2 









The average yield for the whole country this vear was only 16.7 
bushels per acre, which is the lowest average yield reported for the 
United States since 1867. 

WEATHEB CONDITIONS 70B 1902. 

A drought of several weeks' duration prevailed over the Gulf 
States during June and July. A severe drought also occurred over 
Oie central and southern Rocky Mountain districts from July 25 to 
September 20. 

The season was characterized, however, in the greater portion of 
the com belt by excessive rains and unusually cold weather, esoecially 
over the central and northern portions of the belt and in the New 
England States. Cold weather also prevailed in the northern and 
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central Rocky Mountain regions. Killing frosts occurred in New 
England and in the Lake regions in June; late corn was seriously 
damaged by heavy frosts over the northern part of the corn belt, 
especially west of the Mississippi River, frost with ice occurring as 
early as August 29 in exposed places in the northern Rocky Mountain 



reffion. 



lile the yield for the entire country was slightly above the 
normal, it may be seen from the following figures tnat the cold 
weather was responsible for very reduced yields of com in a number 
of States. In the Gulf States, however, i. e., Alabama, Mississippi, 
Louisiana, and Texas, the low yields were undoubtedly due to 
drought. 

Average yield of com in luahels per acre. 



Stote. 


1902. 


maL 


Ui^fm. 


21.7 
33.8 
21.8 
31.3 
28.4 
31.5 
26.0 
26.4 
28.2 
22.8 
32.0 
19.4 
18.9 
16.5 
19.8 

8.4 
11.5 
12.5 

8.1 


33.2 




35.0 


Vermont. .' 


35.0 


MawffirhMflfltts. .. 


34.8 


Rhnri^ Tali^nd 


80.4 


Conm^ctl^^itx . 


32.5 


New York 


81.0 


Mit'MgAn 


3a8 


Wisconsin.... 


31.2 


Minnesota... 


3ao 


Iowa , 


32.4 


North Dakota 


22.1 


South Dakota *. 


28.5 


Colorado 


22.0 


Wyoming r . - 


24.6 


AiabaTna*!.. . . 


13.1 


MtealMlppl 


15.0 


liOulslana , 


16.8 


Texas. a. . . . . 


20.0 







WEATHEB CONDITIONS FOB 1003. 

May 4. — This week was unBeasonably cool over much the greater part of the 
country, the minimum temperatures on April 30 and May 1 and 2 being the 
lowest recorded In the last thirty years at nearly all Weather Bureau stations 
from the central and west Gulf coasts to the upper Missouri Valley, and also 
at a number of stations In the central Mississippi and Ohio valleys, Lalce region, 
and New England. Unseasonably low temperatures checked the growth of all 
vegetation, and heavy frosts and freezes caused much damage. • • • The 
early planted corn was extensively killed by the freeze during the latter part 
of the week in Missouri, Kansas, Oklahoma, and Texas, and the crop suffered 
from cold weather throughout the Southern States. 

After the early freeze com was generally replanted in the Southern 
States and Gulf States, and the remainder of the season was generally 
favorable for com in these sections, where average crops were ob- 
tained. Replanting was also necessary in many other sections where 
early corn had been planted. 

The whole crop season was abnormally cool over the Missouri and 
upper Mississippi valleys, and much com was seriously damaged by 
excessive rains. 

Drought occurred from May 15 to about June 15 in the northern 

gortion of the Middle Atlantic States and in the New England 
tates. The droughty conditions in the Middle Atlantic States 
were reported to be especially severe in eastern New York. 
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state. 



Maine 

NefW Hampflhire 

Vennont 

Massachusetts. . . 
Rhode Island... 

Connecticut 

New York 

New Jersey 

Pennsylvania... 
West Virginia... 

Wisconsin 

Minnesota 

Iowa 

Nebiaska 

Kansas 



1902. 


1906. 


1904. 


21.7 


30.2 


89.7 


23.8 


21.0 


27.8 


2X.8 


28.4 


86.9 


81.8 


24.0 


86.0 


28.4 


sai 


84.1 


81.6 


22.4 


88.9 


26.0 


25.0 


27.8 


34.6 


24.0 


88.0 


86.1 


31.2 


84.0 


26.6 


22.6 


25.8 


28.2 


29.8 


29.7 


22.8 


28.8 


26.9 


32.0 


28.0 


82.6 


82.8 


26.0 


82.8 


29.0 


25.6 


20.9 



Normal. 



88.2 
85.0 
85w0 
34.8 
80.4 
32.5 
81.0 
84.2 
33.8 
25.9 
81.2 
80.0 
82.4 
80.4 
27.2 



WEATHEB CONDITIONS FOB 1904. 

The season was generally cool and rainy over the greater part of 
the corn belt. 

A three-weeks' drought prevailed during May over the east Gulf 
States, but was not serious enough to cause any reduction in the yield 
of com, good average crops being secured in these States. 

The cool weather, rains, lack of sunshine, and lack of cultivation 
were probably responsible for a decline in yield in several of the 
States. 

Average yield of com in bushels per acre. 



state. 


1903. 


1904. 


1906. 


Noi^ 
maL 


New York 


25.0 
33.5 
28.3 
32.4 
25.2 
25.6 
24.1 


27.3 
28.6 
26.9 
26.2 
21.2 
20.9 
22.2 


31.5 
34.0 
32.5 
33.8 
27.5 
27.7 
19.4 


31.0 


Michigan 


30.8 


Minnesota 


30.0 


Missouri 


28.6 


North Dakota 


22.1 


Kanms 


27.2 


Montana ., 


24.3 







WEATHEB CONDITIONS FOB 1905. 

The season in general was very favorable for com. 

Planting was delayed by cold weather and rain, which continued 
as late as June 1 and was general throughout the com belt. Germina- 
tion was slow and com suffered from lack of cultivation. 

Some damage was done to corn as a result of rains and high winds 
in the lower Missouri VaUey, especially in Kansas and Missouri. In 
Missouri com was extensively blown down, but the yield was heavy 
notwithstanding this. Wind also did considerable injury in Ne- 
braska, Arkansas, and Ohio. 

No serious droughts. 

The yield was about average in all States except Montana, Oregon, 
Louisiana, and Arkansas; in many States considerably above the 
average. 
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WXATHEB CONBinONS FOB 1906. 

The conditions over the country were generally favorable for 
com, but local droughts prevailed over portions or the West Gulf 
States, the lower Mississippi Valley, and portions of Missouri and 
Tennessee during the week ending May 14 and for two weeks in June. 

With the exception of Montana, however, every State in the Union 
yielded crops above the normal for the forty-year period, the average 
for the whole country being higher than for any year since 1872. 

STATISTICS or CORN. 

Average yield of com in the United States, in huafieU per acre, for the forty 

years 1867-1906. 

(Marked decreases In yield, as compared with the average for the forty-jear period, are 
Indicated by Italic and boldface flg^ures. Italic figures show decreased yields dae prin- 
cipally to severe local or sectional droughts. Boldface figures show the low yields due 
to the great general droughts.) 







i 

I 

1 
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1 


«I 






j 








1 


1 


1 






Tear. 


1 


> 


1 


i9 




t 


I? 

1 


1 


1 




> 

1 


Z 


s 
1 


1 


1 


1887 


33.4 


35.6 


36.2 


36.7 


26.7 


33.0 


30.4 


33.1 


32.0 


ie.s 


28.4 


20.9 


29.7 


11.6 


9.0 


13.1 


11.8 


1868 


29.8 


36.0 


38.6 


37.0 


27.0 


34.0 


32.0 


37.6 36.0 


26.0 


27.7 


19.3 


36.0 


14.3 


10.2 


12.7 


10.5 


1869 


24.3 


30.0 


34.0 34.2 


26.2 


31.2 


27.1 


30.8 31.4 


18. 0; 20.2 


15.^ 


27.8, 14.8 


11.6 


11.0 


11.2 


1870 


33.0 


30.6 


39. 6< 33.0 


26.0 


te.4 


34.0 33.0 


36.8 


25.0' 22.5 


20.0 


30.4 


14.6 


8.9 


13.5 


10.8 


1871 


27.2 


36.7 


36.6 34.3 


27.3 


31.4 


33.0. 36.0 


36.6 


22.0 23.6 


22.6 


27.6 


14.0 


10.0 


las 


10.7 


1872 


33.6 


38.2 


39.0 34.0 


80.0 


31.2 


37.5 


39.6 


39.0 


20.0 23.0 


21.0 


28.5 


16.0 


10.6 


12.6 


9.6 


1873 


24.0 


37.5 


31.0 36.0 


28.7 


30.0 


31.0 


36.0! 36.1 


19. Oi 21.4 


19.0 


29.0 


14.2 


9.6 


12.3 


10.4 


1874 


24.6 36.4 


36.1 32.0 


24.3 


30.0 


30.0 


35.0 33.2; 18.0 


20.5 


20.0 


26.5 


16.4 


11.0 


11.1 


10.6 


1875 


30.5' 38.0 


37.0. 37.0 


27.5 


29.0 


34.0 


41.0 40.0 


26.0 


30.0 22.0 


29.1 


16.0 


10.2 


10.0 


10.0 


1876 


31.0, 42.0 


39.0 36.0 


36.0 


32.6 


30.0 


36. Oj 35.0 


30.0 


29.01 20.0 


28.2' 14.6 


8.2 


11.0 


10.0 


1877 


36.0 42.6 


39.0 34.7 


83.0 


29.0 


32.0 


36.4 


33.0 


22.0 


28. 0; 19.6 


26.5 14.0 


9.0 


10.6 


12.9 


1878 


40.0 39.0 


41.0 36.0 


32.0 


29.6 


36.0 


36.0 


36.0 


26.0 


23.6 


17.5 


27.2 13.6 


9.3 


11.0 


9.0 


1879 


30.0 


32.6 


36.0 36.0 


32.0 


29.0 
29.0 


33.0 


34.0 


36.0 


27.0 


30.6 


19.0 


31.0, 16.0 


7.6 


9.3 


8.S 


1880 


35.4 


38.0 


32.0 


33.6 


30.0 


34.8 


41.0; 40.6 


32.0 


32.0 


25.0 


3ao 


16.4 


9.3 


9.2 


9.4 


1881 


34.0 


34.2 


36.7 


26.1 


27.0 


26.6 


26.4 


2S.2 26.2 


14.4 


24.2 


16.0 


22.7 


11.7 


6.7 


8.8 


8.8 


1882 


29.2 


«.-( 


33.9 


W.7 


iS.O 


to.i 


27.5 


28.9 31.3 


18.9 


25.9 


19.1 


25.4 


14.0 


12.0 


13.3 


9.6 


1883 


35.0 


36.0 


31.0 


36.0 


32.0 


30.0 


«.(? 


28.0 27.0 


18.0 


23.5 


14.0 


24.3 


11.6 


8.0 


8.7 


8.6 


1884 


34.7 


83.2 


33.2 


34.0 


80.4 


31.0 


30.1 


32.0 31.0 


18.5 


21.8 


15.2 


to.o 


12.6 


9.2 


10.8 


0.5 


1885 


32.3 


33.8 


32.2 


34.0 


33.6 


36.0 


30.7 


32.0 32.5 


19.3 


22.0 


119 


23.8 


9.9 


9.0 


11.3 9.0 


1886 


31.4 


36.4 32.8 


32.7 


31.6 


34.3 


31.3 


27.2 28.2 


16.6 


20.9 


15.6 


22.8 


10.6 


9.1 


10. 8j 10.4 


1887 


35.2 


34.3 36.6 


36.4 


82.0 


34.0 


33.0 


30.0 32.2 


20.0 


27.0 


17.6 


19.0 


13.4 


10.0 


11.0, 10.0 


1888 


19.3 


tM,e iis 


30.1 


30.4 


31.2 


32.4 


32.4 32.6 


17.4 


23.7 


16.3 


23.8 10. 6\ 8.7 


9.6 9.8 


1889 


36.0 


36.6 36.0 


34.3 


31.3 


31.0 


29.3 


30.2 29.8 


17.6 


20.6 


16.9 


22.4 12.0 11.6 


11.2' 10.7 


1890 


36.2 


30.6 33.6 


34.5 


82.7 


36.7 


26.6 


31.3 27.6 


18.6 


22.6 


17.5 


20.0^ 13.3 


10.2 


10.5! 9.3 


1891 


37.6 


36.8 37.2 


39.6 


34.6 


36.0 


31.8 


34.2 33.3; 22.0 


26.6 


19.7 


27.3 


14.1 


11.6 12.2 


11.0 


1892 


35.5 


37.8 38.0 


38.7 


33.4 


34.5 


33.0 


31.6 30.6 18.7 


20.6 


16.3 


22.6 


10. t 


10.6 


11.2 


9.0 


1893 


30.3 


31. 7i 32.4 


33.6 


U-4 


28.2 


29.5 


£5.9, H.5 


24.6 


24.2 


18.9 


21.7 


12.3 


7.7 


11.1 


9.7 


1894 


39.9 


34.3 40.8 


34.6 


31.4 


31.0 


28.2 


33.1 32.0 


22.0 


22.9 


19.1 


18.6 


13.4 


11.2 


11.7 


10.1 


1895 


42.0 


40.2 45.0 


43.9 


30.9 


37.9 


35.6 


33.0 33.6 


21.0 


26.8 


18.6 


24.2 


14.6 


11.1 


13.0 11.2 


1896 


37.0 


42.0 41.0 


43.0 


34.0 


38.0 


34.0 


33.0 40.0 


22.0 


32.0 


21.6 


30.0 


12.0 


9.0 


11.0, 10.0 


1897 


37.0 


34.0 36.0 


32.6 


31.0 


31.5 


31.0 


31.5 36.0 


290 


33.0 


18.0 


24.5 


13.0 


9.0 


11. 0| 8.0 


1898 


40.0 


41.0 43.0 


40.0 


34.0 


37.0 


33.0 


37.0 37.0 


25.0 


31.0 


22.0 


29.0 


14.0 


10.0 


9.0' 9.0 


1899 


36.0 


39.0 36.0 


36.0 


81.0 


39.0 


31.0 


39.0 32.0 


22.0 


32.0 


20.0 


26.0 


13.0 


9.0 


10.0 10.0 


1900 


36.0 


37.0 40.0 


38.0 


32.0 


38.0 


32.0 


33.01 t5.0 


24.0 


26.0 


16.0 


27.0 


12.0 


7.0 


10. 0{ 8.0 


1901 


39.4 


38.6 40.0 


40.5 


32.1 


39.0 


33.0 


36.9 35.0 


30.0 34.2 


22.2 


23.0 


12.0 


6.9 


10.0, 9.0 


1902 


tL7 


tS.S il.8 


31.3 


28.4 


31.5 


U.O 


34.6 36.1 


28.0 32.4 


22.0 


26.6 


13.9 


10.4 


9.0 8.6 


1903 


30.2 


iUO tS.4 


eio 


30.1 


U:i 


$5.0 


BA.O 31.2 


27.6 


28.7 


21.8 


22.6 


14.7 


10.3 


11.7 9.9 


1904 


39.7 


27.3 36.9 


36.0 


34.1 


7I.Z 


^.0 


34.0 


30.4 


33.4 


23.3 


25.3 


15.2 


12.4 


11.9 10.7 


1906 


34.3 


37.0 34.7 


37.6 


32.6 


42.7 


31.5 


35.8 


38.9 


30.4 


36.9 


23.4 


29.8 


13.9 


10.9 


11.0 10.1 


1906 


37.0 


37.6 36.6 


39.7 


33.1 


40.0 


34.9 


36.3 


40.2 


30.0 35.0 


24.3 


30.3! 15.3 


12.2 


12.0 11.0 


Average.. 


33.2 


36.0 35.0 


34.8 


30.4 


32.5 


31 


34.2 33.3 


22.8 26.7 


19.2 25. 9| 13.5 


9.7 


11. 9.9 
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Tear 



ia67 

1888 

WW 

1870 

i8n 

1872 

1878 

1874 

1875 

187« 

1877 

1878 

187y 

1880 

1881 

1882 

1883 

1884 

1886 

1886 

1887 

1888 

1889 

180Q 

18Q1 

1892 

18B3 

18M 

1896 

1896 

1897 

1808 

1899 

1900 

1901 

1902 

1903 

1904 

1906 

1906 

i 



28.7 
34.0 

3ai 

89.0 
8&6 

89.6 
3&0 
86.0 
34.6 
86.7 
31.6 
34.9 
3&0 
37.5 
UA 
31.8 

9e.t 
3ao 

87.1 
32.2 
M.8 
32.6 
29.6 
S8^ 
32.0 
29.4 
tS.8 
26.8 
32.6 
41.0 
82.6 
37.0 
36.0 
37.0 
M.l 
38.0 
29.6 
32.6 
87.8 
42.6 



33.0 



29.2 
840 
Hf 

89.6 
3&7 
88.7 
2&6 
27.0 
840 

8ao 
8ao 

82.8 
88.0 
29.0 
tl.8 
81.3 
27.0 
29.0 
36.6 
8L9 
90U) 
348 
290 
24.7 
38.3 
29.3 

2L9 
32.8 
8&0 

3ao 

36.0 
3&0 
38.0 
19.8 
87.9 
83.2 
31.6 
40l7 
39.6 



81.4 



19.8 
342 

is.i 

36.2 
8&8 
89.8 
Bi.O 
18.0 
843 
U,0 
29.0 
27.1 
8&0 
27.2 
18.4 
SS.0 
U.0 

8ao 

81.4 

.Vi 

3&7 
32.3 
26.2 
38.6 
26.2 
26.7 
28.8 
87.4 
4a6 
32.6 

3ao 

861O 
87.0 
SI .4 

38.7 
32.2 
36.5 
89.8 
86.1 



3a3 



81.4 
38.0 
28.9 
87.0 
82.4 
86.0 
81.0 
27.0 
33.0 
29.0 
81.0 
87.4 
37.0 
40.7 
28.0 
80.7 
t$.$ 
28.0 
82.7 
29.1 

88.5 25.8 

30.0 aao 

89.51 26.3 
26.7t 8aO 

29.6 26.7 
26.0 27.3 

19.7 29.8 
28.2 80.7 

33.8 31.8 

38.0 37.0 

31.5 83.0 
340 8&0 

26.01 S&O 
861O' 4ao 
345 27.4 
».l 28.2 

33.6 29.3 
28.6 29.7 
340 37.6 
37.0 41.2 



88.6 

88.0 
26.4 
88.0 
37.7 
88.0 

8ao 

28.2 

n.o 

340 
28.0 
37.6 
89.0 
88.0 
27.6 
28.8 
f/.O 

85.7 



3a8 31.2 



8a0 88.8 

88.5 87.0 

29.1 38.2 
33.0 82.0 
87.8 48.5 

86.2 89.8 
8L5 29.0 
81.0 29.2 

29.2 8&0 
U.l 80.0 

29.0 82.5 

88.1 37.4 
3&0 88.0 
8&0 88.0 
82.0 25^ 
82.0 U.9 
J0L8 iL$ 
88.5 845 

28.4 82.1 
29.8 U.t 
29.8 250^ 

29.8 86.8 

28.5 89.5 
27.7 M.0 
26.5 86.7 
27.0 28.8 

28.3 38.9 

18.4 15.0 

31.2 3&1 
3a5 80.0 
26.0 20.0 
32.0 35.0 
88.0 31.0 
83.0 88.0 

26.3 25.0 
818 32.0 
28.3 28.0 

26.9 32.6 

32.5 848 

88.6 39.5 



3a0, 32.4! 



27.2 
8a8 
8a6 
81.4 
88.0 
87.0 
88.5 
10.0 
86.6 
27.8 
29.0 
26.2 
37.0 
28.4 
1«J» 
29.5 
27.5 
88.0 
81.8 
ff.« 
22.0 
3L0 
82.2 
25.8 
29.9 
27.7 
27.9 
82.0 
3&0 
27.0 
26.0 
26.0 
26.0 
28.0 
10.1 
89.0 
32.4 
26.2 
33.8 
32.3 



86.0 
818 
48.2 
29.9 
41.5 
87.8 
85.0 
10.0 
40lO 

8ao 

88.0 
42.0 
41.0 
81.0 
27.4 
849 
36.0 
87.7 
86.7 
27.4 
24.1 
36.2 
86.5 
18.0 
86.2 
28.2 
25.2 
%A 
19. t 
37.5 

8ao 

it.O 
28.0 
26.0 
14.1 
32.8 
26.0 
82.8 
32.8 
341 



88.6 

18.0 

48.4 

28.0 

4010 

88.5 

89.1 

104 

40lO 

48.6 

86.6 

33.9 

33.0 

29.8 

18.2 

88.7 

86.7 

86.9 

82. 

tl. 

14.0 

26.7 

86. 

15. 

26. 

24 

tl. 

11.2 

248 

28. 

IB. 

16. 

27. 

19. 

28. 
26. 
to. 9 
27.7 
28.9 



25.0 
1B.B 

8ao 

28.9 
28.9 
88.0 
25.6 
1B.0 
U.6 



28. 



5| 3a4| 27.21 



240 



18.0 
21.4 
2a7 
19.2 
21.3 
35.0 
17.0 



23.0 

le.o 

22.6 
19.4 
25.2 
21.2 



22.1 



22.5 
22.8 
28.7 
4.2 
11.1 
26.0 
240 



19.0 28.0 



26.0 
27.0 
21.0 
1&9 
27.2 
28.1 



27.6 31.8 
27.8 33.5 



23.5 



247 
32.7 
25.0 
32.1 



27.3 28.0 

31.2 28.6 

29.6 22.6 145^ 15.5 

25.0 16.8 



33.3 26.5 
33.5 245 



30.3 



22.7 19.81 12.0 13.0 
18.0 16.0 



82.0 
29.1 
17.0 
248 
240 
22.1 
25.5 
25.2 
18.8 
25.8 
26.5 
22.6 

8ao 

23.8 
28.5 
23.0 
81.2 
28.0 
28.0 
81.0 
tt.O 
26.0 
15.6 
27.0 
26.6 
26.9 
29.7 



26.4 



28.7 
26.8 
20.0 
26.8 



26.0 



26.0 
22.4 
12.4 

241 
20.0 
2a8 
21.2 
2a7 
21.5 
20.8 
22.0 
18.8 
22.7 
2a3 
21.3 
21.9 
25.0 
28.0 
21.0 
26.0 
20.0 
20.0 
14.2 
21.9 
23.5 
25.0 
246 



33.0 28.1 



22.1 



16.2 15.7 
10. B 17.1 
15.0 17.5 

17.5 16.5 
145 140 

17.6 17.5 



12.8 
12.6 



18.0 15.0 
12.0 15.0 



12.4 146 



0.9 

18.9 
U.5 
18.0 
18.4 
12.1 



10.2 

12.7 
12.2 



18.7 
15.9 
12.5 
12.0 
15.0 
12.0 
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16.0 



13.1 



13.8 
l&O 



11.0 
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13.5 
18.5 
18.4 
18.1 
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12.7 147 
13.5 148 
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15.2 
18.7 



11.5 18.1 



17.2 
15.8 
13.5 
14 5 
18.0 
16.0 



11.0 11.0 



10.0 



B.I 11.6 

148 18.4 

15.0 19.1 

148 148 



18.5 
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The principal drought years covered by the above table, where the condition 
of minimum rainfall was more or less general throughout the United States, 
were 1874, 1881, 1887, 1890, 1894, and 1001. 

1883.— Notable decreased yields in Now York, the South Atlantic States, Ohio 
Valley, Lake region, Minnesota, and Iowa. 

1886. — Severe drought In Kansas, Nebraska, the Dakotas, Iowa, Minnesota, 
and western Wisconsin. 

1890. — Decreased yields In Ohio and Indiana, Iowa, Nebraska, Kansas. Ken- 
tucky, Tennessee, Alabama, Arkansas, and Texas, due to a drought of unusual 
severity In the great com States ; other less notable reductions in yield In other 
States. 

1893. — Decreased yields noted particularly in Rhode Island, Kew Jersey, 
Pennsylvania, South Carolina, Ohio, Indiana, Michigan, Kansas. Arkansas, 
Colorado, and Wyoming. ("The drought of 1894 was the culmination of a 
period of deficient rainfall and high temiierature that began during the early 
summer of 1M>3." — A. J. Henry.) 

1902. — During June com suffered from drought in the central and west 
Gulf States. (Early com was injured by frost in the Ohio Valley and Lake 
region, and late com was seriously damaged by heavy frosts over the northern 
portion of the com belt, more especially to the westward of the Mississippi 
River.) 

1903. — Drought prevailed In the northern portion of the Middle Atlantic and 
the New England States from May 15 to about the middle of June. 
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CROP PRODUCTION ALONE NOT A MEASURE OF THE CONDITION 

OF AGRICULTURE, 



By Walter T. Swingle, 
Bureau of Plant Industry, United States Department of Agriculture. 



The question as to whether crop production per acre is increasing 
or decreasing is of so general a nature as to have little direct relation 
to the condition or needs of the agriculture of the country as a whole. 

A large number of factors will always be found working toward 
increased production, and a large number toward diminished pro- 
duction. In one region the balance will swing one way ; in another 
region the other wajr. The general average for the whole country is 
merely an arithmetical mean and becomes of interest only when 
a detailed analysis of the facts reveals some general efficient cause for 
the observed aavance or decline. 

Agriculture in this country is now passing through a period of 
rapid changes. In many ways its conaition may be compared with 
that of electrical engineering a quarter of a century ago, when dis- 
coveries succeeded each other so rapidly that expensive machinery 
and equipment were often relegated to the junk heap before the 
varnish had been dimmed. 

The constantly extending applications of science to agriculture are 
working revolutions in farm practices; great changes are taking 
place in the crops grown, the methods of cmture, and in the handling 
and disposal of the crop itself. These applications of science to 
farming, which have assumed importance only during the last 
twenty-five years, make for increased production and for increased 
certainty of production. 

The demonstration that the leguminous crops enrich the soil in 
which they grow with nitrogen abstracted from the inexhaustible 
atmospheric supply has, at a single stroke, solved the problem of a 
cheap and convenient supply of the most important and most ex- 
pensive element of plant food and the very one whose exhaustion 
was greatly feared by leading men of science scarcely a decade ago. 
The proper utilization of leguminous plants in crop rotations becomes, 
in the light of this discovery, of absolutely fundamental importance in 
agriculture. Already production has been greatly increased in many 
sections of this country through the skillftil use of alfalfa, clover, 
vetches, cowpeas, and others of the beneficent crops of the pulse 
family. 

At the same time, thanks largely to the researches of the investi- 
gators connected with state experiment stations, much has be^n taught 
the farmer as to the needs of various crops and soils in bther ele- 
ments of plant food besides nitrogen. At the same time the stale 
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fertilizer controls have rendered fraud and excessive charges almost 
impossible. No one familiar with American agriculture, especially 
in the Eastern States, can deny that vastly increased production has 
resulted from this work of the state experiment stations in prevent- 
ing fraud in the sale of artificial fertilizers and in showing now fer- 
tilizers can be used to the best advantage. 

During the past three decades great progress has been made in 
recoj^izmg, curing, and preventing plant diseases, the most insidious 
of the farmer's enemies. Tens of millions are saved annually to the 
country by the use of up-to-date methods of fighting insect and 
fungous enemies. In many cases both the pests themselves and the 
possibility of preventing their injuries were alike unknown two 
decades ago. Vastly increased production and, what is even more 
important, increased certainty of production have resulted from this 
brilliant new arm forged by science for man's protection. 

Plant breeding — a branch of applied science having even greater 
possibilities for aiding the progress of agriculture than plant 
pathology — is of still more recent birth. General interest in the 
methods and aims of plant breeding dates back scarcely a decade and, 
as would be expected, onlv a tithe of what will be done has as yet been 
accomplished. Nevertheless, great increases in yield, in uniformity 
of product, in hardiness, in drought and disease resistance, and in 
other useful qualities of our principal crop plants have already re- 
sulted from the tireless activities of a handful of enthusiastic disci- 
ples of the new branch of applied science. 

The organized work in the introduction of new and superior varie- 
ties of crop plants from all parts of the world is even younger than 
plant breeding, yet already half a dozen new crops, yielding products 
whose annual value reaches into tens of millions, testify to the strik- 
ing utility of this line of work. 

The scientific study of the soil and of climatic and cultural needs of 
the varieties of our principal crop plants has only just begun, but is 
sure to become of the greatest importance in growing crops with the 
maximum of efficiency — utilizing plants to the utmost through an 
intimate knowledge of their strong and weak points — in other words, 
growing crops by brains. In preventing " booms " that ruin thou- 
sands through false ideas as to the needs and limitations of crop 
plants, great good will be accomplished bv life-history investiga- 
tions. Much progress has been made already in the working out of 
the merits and demerits of the numerous new varieties of cotton, 
corn, alfalfa, date palms, and other staple crops that have been placed 
at the disposal of the experimenter during tne past decade through 
the activities of the plant introducers and plant breeders. 

As plant breeding and plant introduction advance, the need becomes 
more acute for a critical analysis and study of all varieties of crop 
plants, with a view to growmg them in the localities and in the 
manner they require to secure the maximum yield. These three 
new branches of agricultural science— plant breeding, plant introduc- 
tion, and plant life-history investigations — will, developing hand in 
hand, revolutionize all branches oi crop production and ultimately 
greatly increase the yield per acre and decrease the risk of failure. 

Recent investigations in the methods of picking, packing, and 
shipping perishable crops, especially fruits and vegetables, have de- 
creased the cost and increased the amount of the net yielij per acre 
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of these crops. All branches of agriculture have been stimulated by 
the great advances in transportation facilities, by the extension of 
the. rural free delivery, the discovery and extension of the tele- 
phone, the invention of the milk separator, improved farm ma- 
chinery, and other mechanical aids for the farmer. 

In the light of these numerous applications of science to agri- 
culture, most of them of very recent aate and most of them potent 
for ^ood, it would seem an idle (question to ask whether crop pro- 
duction is now increasing or diminishing. 

As a matter of fact, however, there is a reverse side to the picture, 
and many powerful factors are at work tending to lessen proauction. 

First of all, there has been a slow but general decline in the fer- 
tility of farm lands since the forests were cleared and the prairies 
broken. Wasteful methods of husbandry have contributed and ero- 
sion has been insidiously at work until in some regions the decline 
in productiveness has become alarming. 

This decline of fertility in the older parts of the country has been 
both emphasized and aggravated by the bringing into culture, during 
the last forty years, of enormous areas of exuberantly fertile new 
lands of the Great Plains, which through improved methods of trans- 
portation have been enabled to compete successfully with regions 
thousands of miles away. This sharp competition oi virgin soils in 
the West has in many cases prevented in the East the profitable use 
of commercial fertilizer in growing the accustomed staple crops, and 
has forced a complete change of farm practices, often ending in culti- 
vated fields being turned into permanent pastures or wood lots. 

Agricultural Labor has become poorer, scarcer, and much dearer 
during the last few decades. The immigration, largely of the coun- 
try peasantry of northern and western Europe, formerly so abun- 
dant as to furnish a steady supply of the best kind of farm labor, has 
in recent years almost ceased, and the hordes of immigrants now 
flocking to our shores from eastern and southern Europe are largely 
from the cities and even when they are peasants are so unfamuiar 
with our methods of agriculture as to be of little worth as farm 
hands. As a matter of fact, few seek employment in the country 
when they reach the New World. 

The growth of the great industrial centers has also acted to draw 
laborers from the country to the mines and mills where wages were 
higher and where the eight-hour day is possible, the latter something 
almost impossible for the farmer to grant. There can be no doubt 
that the increasing scarcity of good farm labor has in many regions 
led to a considerable decline in production. 

The present industrial tendency to form gigantic trusts that control 
the marketing of coipmodities, with little regard for supply and de- 
mand, has been brought sharply home to the farmer by the success of 
the beef trust in stifling competition and manipulating the transpor- 
tation and sale of live stock to its own advantage. Improved methods 
of farm practice tend to turn as many crops as possible into the more 
easily transportable form of cattle, hogs, sheep, and other live stock, 
and the success of the beef trust in controlling prices to the disadvan- 
tage of the farmer has greatly impeded the spread of better methods 
of farming and in many cases led to a direct decline of production. 

Finally the most important cause of decline in production and 
decay in the intellectual tone of many of the older fanning eom- 
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munitieo is the draining of of almost all the brighter minds to the 
large cities. The wide ramifications of the modem railway, tele- 
graph, express, and other large business enterprises, have enabled 
them to take on as apprentice the bright country boy at the small 
station and gradually promote him as he develops, each step away 
from the country and toward the great city. 

Even the state agricultural colleges and universities of some of the 
great agricultural States have acted practically as great employment 
agencies run at state expense to get farmers' boys and girls paying 
positions off the farm. 

The briffht country boy, tired of the endless chores of the farm, 
finds that he can be educated to be an electrical engineer, a civil engi- 
neer, a printer, an architect, a machine-shoi) foreman, or in any one 
of a dozen other professions that appeal to his youthfid mind because 
of the attractiveness and stimulating character of the work and be- 
cause of the relatively high salaries paid to the best yoimg men 
shortly after graduating. 

The farmer's son is too young (in some institutions he must choose 
his future career when he is only 15 years old) and too inexperienced 
to see the drawbacks in such careers — ^that he usually is a hired man 
all his life; that his children grow up in the big cities and almost 
never equal their parents in energy or initiative; that his own health 
declines, and that cares multiply taster than his salary increases. All 
this is wrong. Positions in the technical world should be filled 
largely from the city population that can not under any ordinary 
circumstances become farmers. 

A fair proportion of the brightest minds should be induced to re- 
main on the farm, and to do this every effort should be made to make 
farm life attractive to the bright boys and girls. It is a great mistake 
to ima^ne that mere technical discussion on methods or farm prac- 
tice, with which the farmer's boy is often more familiar than his 
instructor, or purely mercenary motives, can hold the boy on the 
farm. He knows, even if his salaried instructor does not, that the 
intelligent boy with little or no capital can make much more off the 
farm than on it — at first 

The remedy lies rather in the study of science, whose recent bril- 
liant applications to agriculture tend to interest the talented youth 
not only in the direct improvement in crop production, but also in 
science itself, which he nnds to be a fascinating and stimulating 
mental discipline, at the same time work and recreation, a noble 
study much broader and much more satisfying than any of the prac- 
tical applications that may be made to the industries, important and 
interest! r»!^ as they are. 

Farm life, with its multitudinous contacts with nature, with its 
intimate relations to the biological and physical sciences, is really 
the ideal place for the scientific investigator. Already the tendency 
is being manifested in plant breeding to decentralize and to put on 
the farm the breeding up of races of the crop plants under the par- 
ticidar environmental surroundings they must endure when grown 
on a commercial scale. Commercial success has already been at- 
tained by plant breeding on the farm. The intellectual interest 
aroused by the breeding of a new flower, a new berry, or a new and 
superior strain of com far exceeds in importance the not inconsider- 
able money value of such new creations. 
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Other lines of researcli can, with great advantage, be moved out to 
the farm, where research is conducted under the most favorable con- 
ditions by persons themselves vitally interested in the problems and 
thoroughly familiar with the local conditions. In large institutions 
it is necessary to turn over more and more of the actual work of in- 
vestigation to assistants, often poorly fitted and but superficially 
interested in the problem. 

Farm research, however, is not merely a remote end devoutly to h% 
hoped for; it exists now, and it is to further it and to work further 
decentralization of research that private, state, and national effort 
should be directed. It is true that only a few men are able to under- 
take the more diflScult line«^ of scientific research, but it is just these 
few who, living on the farm, will be the leaders of their commimi- 
ties in the improvement of agriculture and the helpers of their neigh- 
bors in minor but still vitally important lines of experimentation. 
It is always the gifted few who are able to look beyond the imme- 
diately pressing problems of the day and plan for the future. 

To drain the country of its brightest minds in the future as com- 
pletelv as has been done during the past few decades is to invite the 
complete intellectual decline or the farming class, the entry of rich 
landowners, and the creation of a servile tenantry, possibly with a 
resultant increased production per acre, but at what a cost ! 

To increase the attractiveness of farm life and to add intellectual 
interest to rural occupations, to encourage with every means at the 
disposal of the Government the country boy who honestly tries to 
seek for truth, with the end in view of retaining a fair proportion of 
the brightest minds on the farm, should be given immediate attention 
before it is too late. A free, active, and intelligent country popula- 
tion is the backbone of any country, and no increase in wealth, no 
triumphs in the industries, can permanently offset the loss of the 
nation's greatest asset 



Digitized by 



Google 



THE AGRICULTURAL RESOURCES OF THE EASTERN UNITED 
STATES; THEIR DEVELOPMENT AND CONSERVATION. 



By B. C. Chilcott, 
Bureau of Plant Industrj, U. S. Department of Agriculture. 



Within the last few years the idea that the agricultural resources 
of the United States are beinc rapidly depleted, and that crop pro- 
duction per acre is rapidly falling off, seems to have met with quite 
general acceptance. I do not believe that this idea is in accord with 
either the official statistics furnished by this department and the 
various state organizations dealing with tde subject or with the 
observations of those who have given the subject the most careful 
consideration. It is not difficult, however, to see how such an im- 
pression might be made upon the mind of the superficial observer, 
or one who was interested mainly in studying the subject from the 
viewpoint of the great transportation companies. It is undoubtedly 
true that there are many farms located in nearly, if not quite, every 
county of the United States where the production of some one crop 
has materially decreased within the last decade. It is also probably 
true that there are many farms where not only one crop, but all of 
the crops produced have decreased both in aggregate quantitjr per 
farm and m yield per acre. But, on the other hand, there is an 
equal or greater number of farms where an increase both in aggre- 
gate production and in yield per acre has been experienced. So that, 
on the whole, when the entire country is taken into consideration, 
both the yield per acre and the gross amount produced have been 
on the increase, not only for the last decade but for the last quarter 
of a century. It would be manifestly impossible, in an article of this 
length, to point out the many combinations of causes that have led 
to the increase or decrease of crops upon farms, either considered 
individually or grouped by counties or States. I think, however, 
that a consideration of a few concrete examples that have come 
under my observation may help to throw light upon the problem. 

AOBICULTUBAL CONDITIONS IN WESTEBN NEW YORK. 

Upon paying a visit to a locality in western New York with which 
I had formerly been very familiar, after an absence of twenty-three 
years I noted many facts which I believe have a very direct bear- 
ing upon the subject under discussion. Among these are the fol- 
lowing: I found that many of what had formerly been the richest 
and most productive farms located within a radius of 12 miles of the 
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city of Buffalo had very materially decreased in agricultural pro- 
duction, although their valucj due to their proximity to the city, nad 
considerably increased. An mquiry into the reason for these condi- 
tions revealed the fact that in nearly every instance the cause of the 
decreased production was not due to a decrease in the fertility or 
productive capacity of the farm, but was on account of the difficulty 
m obtaining efficient farm laborers at a reasonable price. The cause 
of this scarcity of farm laborers was generally attributed to the fact 
that the immense growth of manufactures m the city of Buffalo 
had served to attract the laborers who were formerly engaged upon 
farms. These manufacturers paid higher wages than the farmers 
were able to pay, but, on the other hand, the opportunities for morally 
and physically healthful surroundings are very much better upon the 
farm than in those parts of the city occupied by the laborers in the 
factories. This consideration seems to be generally overlooked by the 
laboring classes. They consider only the difference in cash wages 
without any regard to the relative amount of comfort and the wel- 
fare of their families in country and in city. I believe that right 
here is an opportunity for a campaign of education and enlighten- 
ment. If the laboring classes in the congested manufacturing centers 
could be shown the desirability of establishing homes where they 
could rear and educate their families in a morally and physically 
healthy environment, where they could have a small piece of land 
upon which to raise a very considerable portion of the food required 
by the family, without any expense whatever except the labor of 
those members of the family not actively engaged as wage-earners, 
it would seem that there could be found many men, now engaged as 
laborers in f j^ctories, but who had formerly had sufficient experience 
to enable them to perform the ordinary, work on a farm in a satis- 
factory manner, w-ho would gladly exchange the somewhat higher 
wages obtainable in the city for the advantages offered by the country. 

Another important factor which always has operated and which 
always will operate to deplete the ranks of farm laborers is the fact 
that the more progressive among them are constantly becoming them- 
selves landowners. The cheap lands of the West have proved very 
attractive to this class, and as the western lands have increased in value 
these people have turned their attention more and more to the rela- 
tively cheap but poorer lands of the Eastern States. This movement, 
of course, should be encouraged rather than discouraged, as many or 
the very best farmers in this country originally belonged to this 
class. In fact it may be said that the agricultural development of 
the Central and Western States is due very largely to men who had 
formerly been employed as farm laborers, and who by frugality and 
economy had succeeded in saving enough money to enable them to 
get a start for themselves where cheap land was obtainable. 

The explanation of the seemingly anomalous fact that many of 
the rich farms of western New York have very considerably increased 
in value and at the same time have decreased in productivity is 
probably as follows: Many of these farms have been inherited by 
their present owners and are looked upon not as investments of so 
much capital but rather as inheritances that should be retained in 
the family regardless of the fact that they are not yielding a fair 
interest on the investment. In other instances, the owners realize 
that their farms are not profitable investments under existing eco- 
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nomic conditions, but thev believe that conditions will so change that 
their farms will eventually prove to be so, and this hope, combined 
with the sentimental reasons already mentioned, serve to discourage 
any general tendency to sell this class of farm property. A sufficient 
amount of real estate transfers is being made m the vicinity of 
these farms to establish and maintain a market price for land, but 
in almost every instance the purchasers are either men of wealth 
from the city, who buy the farms for country homes or as a fad 
where they may spend the money which they make in other lines of 
business, or foreigners, mainly Uermans, who depend largely upon 
the members of their own families for supplying the necessary labor 
for conducting the farms. Veiy few farmers or successful business 
men would consider this class oi farms a profitable investment where 
all of the labor must be hired. 

Where the changes described in the preceding paragraph have 
been taking place changes of an entirely different nature have oc- 
curred within a few miles. Land much inferior in intrinsic agri- 
cultural value and a few miles farther from the city has been 
bought up within the last twenty^ve years at a very low figure by 
thrifty farmers with small cash capital, but with large and indus- 
trious families, who, by the application of improved methods of 
agriculture, have succeeded in bringing what were considered as 
"worn-out ' farms up to a high state of productivity, with a corre- 
sponding increase in the market value of tne land. The extension of 
good roads, built by the State, has been a factor in this development, 
but by no means the most important one. 

Here we have two movements in opposite directions — rich farms, 
owned by intelligent, well-to-do American farmers, getting richer, 
but less productive, but still increasing in market value, due to prox- 
imity to the city, sentimental considerations and hopes of improved 
economic conditions, which will eventually convert them into paying 
investments, and poor farms becoming rich and productive mainly 
because they had become so poor, and consequently so low in price, 
that they were attractive investments for a class of farmers who are 
in a measure independent of the labor difficulties experienced by their 
richer neighbors. 

Both or these classes have shared in the general increase of knowl- 
edge of the underlying scientific principles upon which successful 
agriculture is based, which knowledge has been brought about largely 
through the investigations carried on by the United States Depart- 
ment of Agriculture and the various state organizations engaged in 
the enlightenment of the American farmer. 

It is probable, however, that as a broad generalization, the extent 
to which each class has been able to profit by this knowledge has been 
in inverse proportion to the amount of knowledge acquired and the 
intellectual capacity of the farmers. Those families which are but 
slightly in advance in education and in general intelligence of the 
peasant classes of the Old World, from which they sprang, can more 
successfully cope with the sociological and economic conditions with 
which the American farmers of to-day are confronted than can the 
more highly educated and intelligent class who have acquired many 
artificial tastes and refinements which make it very distasteful, if not 
altogether impossible, for them to conform to the simpler require- 
ments of their poorer neighbors. From these and many other con- 
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siderations I believe it is safe to assume that the problems most 
urgently demanding solution by the farmers of western New York 
are economic rather than agricultural in their nature. What they 
want to know is how to secure efficient farm laborers to enable them 
to apply what they already know, or can easily learn, conceminjg 
agricultural methods rather than an addition to their fund of agri- 
cultural knowledge. 

Another serious disadvantage at which the farmers of western New 
York are placed is that with improved transportation facilities they 
are coming more and more directly in competition with the West in 
the staple farm products and with the South in truck crops. They 
also, in common with the farmers of the entire country, lack organi- 
zation in the marketing of their crops. Here is another profitable 
field for the Department of Agriculture. If local shipping associ- 
ations were organized throughout the entire country on substantially 
the same basis as the truck growers' associations of Long Island and 
other truck-growing districts, and these local associations organized 
into a national association, an immense amount of loss to farmers 
could be prevented and the consumer would not only be able to pro- 
cure all kinds of farm and garden produce in much more wholesome 
and attractive condition, but at less cost than at present. It would 
take some time, much earnest effort, and the expenditure of consider- 
able amounts of money to effect such a national organization, but it 
could be accomplishedf, and when well established it would be not 
only self-supporting but a source of revenue to the stockholders, and 
it would be able to so control the production, distribution, and mar- 
keting of all kinds of farm produce as to prevent overstocking of 
markets, loss in transit by reason of products being shipped in bad 
condition, exorbitant commissions and freight charges, and many 
other evils which now are a heavy tax upon both producer and con- 
sumer. 

SOME PHASES OF AOBIGULTUBAL DEVELOPMENT IN THE MIDDLE 

WEST. 

The last quarter of a century has witnessed the passage from the 
pioneer stage to a fairly stable agricultural state of an immense strip 
of fertile country extending from the Canadian boundary on the north 
to the Gulf of Mexico on me south, and from western Minnesota and 
Iowa, eastern Kansas, Oklahoma, and central Texas on the east, to 
western North Dakota, South Dakota, Nebraska, Kansas, and western 
Texas on the west. During this period some rather curious results have 
been produced in the way of crop yields, both per acre and per farm. 
At firat it would seem that the opening up of a new country like this 
would result in constantly increasing yields per acre and per farm 
of all the staple crops, and that any deviation from this rule would 
indicate soil depletion. Such, however, is not the case. There are 
thousands of farms within this area which are not producing as 
much of any of the staple crops as they have produced at some period 
since they were first opened up, and yet some of these farms are be- 
coming ncher rather than poorer, ana very few, if any of them, have 
sufferSi soil depletion proportionate to the decreased yields. 

Probably a majority of the farmers in this area went in debt, if 
not for the land itself at least for the buildings and equipment. 
Every effort was then made to obtain the largest and quiwest cash 
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return from the farms in order to pay off this indebtedness as soon as 
possible. In this effort to get out of debt the farmers spared neither 
themselves, their families, their laborers, their teams, nor their farms. 
Everything, from the vital energy of the farmer and his family to 
the fertility of the farm, was converted into dollars to pay off the 
indebtedness, or to purchase more land, build more and better build- 
ings, or to Duy more or better stock. This stage of development 
usually marked the maximum production of the more bulky and 
quickly salable products of the farms, but in comparatively few in- 
stances was this maximum production maintained lor a long term of 
years. Sooner or later some combination of circumstances would 
occur to bring about a reaction. This reaction took many different 
forms, each individual case being controlled by a somewhat different 
combination of factors, not the least important of which was the 
personal equation of the farmer and his lamily ; but whatever form 
it took, in a large majority of cases it resulted in a decreased output 
of some one or more of the staple farm products. Sometimes the con- 
trolling factor was the depletion of the vital energy of the farmer 
or his wife ; sometimes it was the fact that the goal which the farmer 
had set out to reach was attained, the farm was paid for, the new 
house or barn was built and paid for, the additional piece of land 
had been secured, or some other task which had been undertaken was 
finally finislied; sometimes the need of educational and social ad- 
vantages for the family caused the farmer to move to town, and to 
let his farm to a tenant who would not maintain the yields at the 
standard set by the owner; sometimes, and far too often,* the pathetic 
example presents itself of the farmer and his wife who have worked 
and struggled and suffered privations and worn themselves out in 
order to provide a farm home where the family could all be together 
and the children a comfort and support to their declining years, 
only to tind, when all these sacrifies had been made, that the children 
would abandon them and leave them with a farm on their hands that 
they were no longer able to manage without help. 

In a good many instances farmers have come to the conclusion that 
the transportation, grain commission, and packing companies have 
secured such control of the market prices of all farm products that 
the margin of profit left for the farmer is so small that it does not 
pay him to work either himself or his farm to full capacity; so he 
has adopted the plan of reducing his expenses both of cash and vital 
ener^ as low as consistent with" a fairly good living for his family, 
and IS simply conserving the resources of himself and his farm until 
such time as he hopes may come when the farmer will be able to se- 
cure a fair share of the profits of his labor. 

It would not be a difficult matter to extend the enumeration of the 
causes which haVe resulted in decreased farm yields in the Middle 
West during the last twenty-five years. If, however, I have not 
already shown that there are many causes other than soil deple- 
tion, any further extension of the list would also be equally in- 
effective. It is not claimed that any or all of the causes are sufficiently 
general to have actually reduced aggregate crop yields for entire 
counties or States, but that they are or sufficient frequencv to account 
for the somewhat generally accepted theorv that the agricultural re- 
sources of this country are becoming rapidly depleted, and they have 
undoubtedly seriously affected the statistics on the subject 
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Xnother factor that has undoubtedly tended to decrease the aver- 
age yields, as shown by the statistics of the Middle West, is the fact 
that much experimenting is being done in attempting to establish 
agriculture in the semiarid regions where methods have not yet be- 
come fully adjusted to climatic conditions, with the result that many 
very low yields, if not complete failures, are met with. 

AGRICULTXnULL CONDITIONS IN NOBTHEBN VIBGINIA. 

The agricultural conditions in northern Virginia have not yet re- 
covered from the effects of the civil war, although nearly a half 
century has elapsed. The former slaves have died or become inca- 
pacitated by age, and the younger generation of negroes are very 
inefficient and unsatisfactory as farm laborers, and their presence 
tends to discourage the introduction of white laborers on the farms ; 
the result being that labor conditions are even worse here than in the 
North and Northwest. This portion of the State is producing but a 
small fraction of what it should. There seems to be an impression 
that because a large portion of the land is lying idle and yielding no 
agricultural returns whatever, but is being allowed to grow up to 
scrub pine and worthless shrubs and weeds, and that because much 
that is being farmed produces but indifferent crops, that the land is 
worn out That such is not the case is, in my judgment, proved by 
the fact that scattered all over northern Virginia are to be found 
farms, formerly considered worn out but which have been brought 
up to a high state of cultivation and are now yielding good returns. 
The number of these farms is constantly on the increase, and if some 
solution could be found for the labor problem, it would be auite 
reasonable to predict that the agricultural production of nortlicrn 
Virginia could be quadrupled within four or five years. It is believed 
tJiat much the same conditions prevail over a large portion of the 
entire South. 

That the crop yields of all staple products throughout the South 
are on the increase can not, I think, be questioned, as all available 
evidence points in that direction. An interesting and significant bit 
of evidence on this point was secured from an attorney for one of 
the important southern railroads. I asked his opinion concerning 
the increase or decrease in crop yields throughout tnat portion of the 
South tributary to his road, and he answered immediately and em- 
phatically that there was a marked increase in the yield or all staple 
farm products, and he went on to state that he had just returned 
from a meeting of railroad managers where this very point was under 
discussion, and that after careful consideration of the reports of 
those who had charge of this question they had come to the con- 
clusion that the yields of all staple crops along the lines of their 
several roads had been sufficient to warrant them in advancing the 
freight rates. This was a strong and somewhat unexpected corrobo- 
ration of the conclusions at which I had already arrived. First, that 
crop yields are on the increase ; and, second, that the transportation 
companies have better facilities than anyone else for obtaining in- 
formation concerning any vSuch increase and that as soon as they 
learn of it they immediately adopt measures to secure to themselves 
rather than to the farmers any benefits that may come from such 
increased yields. 
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UNDEVBLOPED SBSOUBCBS, BAST, WEST, AND SOUTH. 

Ever since the beginning of American agriculture it has been the 
custom to refer to " the vast undeveloped agricultural resources of the 
boundless West." There are still vast undeveloped agricultural re- 
sources in the West, but they can no longer be considered " bound- 
less." On the other hand, thousands of eager land seekers and home 
builders are diligently seeking out every nook and comer of the 
West that is suited to agriculture, and it is probable that in their 
eae;erness to secure cheap land some of them are attempting to estab- 
li^ homes and farms beyond the bounds of what may safely be con- 
sidered the agricultural areas. 

This tide of pioneers and home builders has been moving steadily 
westward from the very beginning of American history, and the 
West has heretofore welcomed them and afforded them wiUi a bounti- 
ful hand the opportunities they were seeking. The West will alwavs 
welcome brain and brawn from the East, and there will always be 
opportunities there for the right kind of energetic young men and 
women; but the opportunities to secure cheap land are rapidly de- 
creasing and will at no distant date be little, if any, better than m the 
East and South. When that time arrives; what is to become of the 
constantly increasing agricultural population ? I predict that it will 
take the form of a return wave which will bring back to the East and 
South some of the most energetic and progressive young farmers of 
ttie West, whdj untrammeled oy eastern and southern traditions and 
customs, will quickly recognize and take advantage of the vast un- 
developed agricultural resources of these sections. When that time 
arrives it will be possible to increase the agricultural production of 
the country to meet any demands that are Rkely to be made upon it 
for many generations to come. 

I would therefore sum up my impressions concerning the agricul- 
tural resources of the eastern United States, their development and 
conservation, as follows: 

SUMMABT. 

1. Crop production per acre is not falling off, but is increasing. 

2. The seeming decrease in crop production is generally due to one 
or the other, or both, of the following causes: (a) Changed economic 
or sociological conditions which have tended to reduce or remove the 
incentive to maximum production; or (6) farmers adopting a more 
conservative system of farm management which will provide them 
and their families with a comfortable living with a minimum expend- 
iture of labor — a conservation rather than a dissipation of the 
potential resources of their farms, with frequently a very marked 
decrease in the amount of produce sold from the farms, particularly 
of the more bulky products, such as wheat and com, which pay a 
relatively high freight rate in proportion to their value. 

3. Agricultural production can best be increased by adopting 
vigorous measures to remedy faulty economic conditions, and these 
measures should be directed along the lines of insuring to the farmer 
a fair share of the price paid by the consumer. This can be accom- 
plished by developing methods of delivering agricultural products 
as directly as possible from the farm to the consumer in wholesome 
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and attractive condition, without unnecessary loss or expense in 
transit and without exorbitant profits to transportation companies 
and middlemen; and by providing competent and efficient farm 
laborers at a reasonable wage, including comfortable and attractive 
country homes. 

4. Improved methods of agriculture involve the use of much addi- 
tional machinery. The manufacture of this machinery is now largely 
under the control of trusts or combinations which destroy or at least 
restrict competition and increase the cost to the farmers. Measures 
should be adopted to prevent such combinations and to insure to 
farmers an opportunity to purchase all kinds of agricultural im- 
plements and machinery at a fair price above the actual cost of manu- 
facture. 

6. Liberal appropriations should be provided by Congress and by 
the several state legislatures for the development of the agricultural 
investigations now so well under wajr by the United States Depart- 
ment of Agriculture and by the various state agricultural colleges 
and experiment stations. 

6. No undue effort should, be made to stimulate agricultural pro- 
duction until the present faulty economic conditions are corrected, 
but the campaign for the education of the farmer should be vigor- 
ously prosecuted, in order that he may be prepared to meet the de- 
mands for increased production when economic conditions have been 
so corrected that it will be profitable for him to do so. 

7. Under proper economic conditions, and with the assistance 
which will be given him by the United States Department of Agri- 
culture and the state agricultural colleges and experiment stations, 
if properly supported by liberal appropriations, the farmer will be 
able to meet any and all demands that are likely to be made upon 
him for increased agricultural production for many generations to 
come. 
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By C. S. SCOFIELD, 

Bureau of Plant ludustry, IT. S. Department of Agriculture. 



With comparatively little exception American agriculture is in a 
condition of transition ; that is to say, there are few regions of any 
considerable extent where any particular kind of agricultural pro- 
duction has been long enough continued to be considered as reallj 
permanent. A variety of causes has contributed to maintain this 
condition, some temporary and others permanent, some economic and 
some natural, or more truly agricultural. In fact, it would seem that 
as in the case of our field crops, where a change in the sequence of 
crops on the same soil has a beneficial effect, so, too, in the type of 
production for whole regions, a periodic change of some sort has taken 
place. 

As a nation, we have passed through the period when the agricul- 
tural production of each region was made as diverse as knowledge 
and environment would permit, in order to supply local needs, since 
the transportation of staple products was necessarily expensive. Fol- 
lowing there came a rapid extension of agricultural settlement, to- 
gether with an equally rapid development of means of overland 
transportation, and this has resulted in a relatively high specializa- 
tion in crop production, or a localization of crop production to those 
sections best adapted to the various crops. This tendency toward 
specialization is now going on at a rapid rate, promoted alike by 
those agencies which are introducing new crops, and by the zeal of 
many of our people in seeking crops that will give the quickest and 
largest returns. 

Reactions away from this high degree of specialization are natur- 
ally induced by competition in production, by the relatively high 
cost of transportation, and by the reduced yields which naturally 
follow the lack of a pioi)er rotation of crops. In looking over any 
particular section of our agricultural region it becomes apparent 
that, as regards the kinds of crops and methods of farming, the 
present condition is essentially temporarv. The crops and methods 
are either newly in vogue or so distinctly unsatisfactory that some 
change is obviously imperative. Thus the history of our older agri- 
cultural sections is a history of the rise and decline of a^icultural 
industries. It is important to keep these facts in mind in making 
any prognosis of the future of our agi'icultural productions. As an 
agricultural people we have not yet " found ourselves." 

This being the case, we have as yet no adequate measure for esti- 
mating with any degree of accuracy our potential agricijlturaL re- 
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sources. We hear much of the high productive capacity of the vir^ 
soils of our new regions as compared with that oi the worn-out soils 
of the older regions, but the so-called " exhaustion " of the soils that 
have been under the plow for one hundred or two hundred years is 
more apparent tlian real. It would be difficult, if not impossible, to 
find any instance of the complete exhaustion of the producing capac- 
ity of the soil. It is true that bad methods of farming may render 
a soil temporarily unfit for profitable production, through the deple- 
tion of the supply of organic matter, through ravages of some weed 
or insect pest, or the ascendency of some plant disease. Any of these 
difficulties are essentially temporary in character and may be over- 
come bv proper methods of farming. 

While it may be true that in time a soil may become unfit for the 
profitable production of some one crop or group of crops, there is 
no evidence that any of our once productive soils have as yet become 
wholly and irredeemably unfit for some kind of profitable agri- 
culture, nor is there any satisfactory evidence of a real irretrievable 
decline in the productive capacity of any of our truly agricultural 
regions. Until we have some definite evidence of such a real decline 
in producing capacity, it will be necessary to accept the conclusion 
that the productivity of our soils would be maintained indefinitely 
if a proper sequence of crops and agricultural industries were used. 

The relation between the sequence of crops grown on the land and 
the change in the predominance of industries in a region is neces- 
sarily close. Where the sequence of crops is improper, as in the 
case of the long-continued production of a single crop, or the use 
in rotation of crops that rapidly reduce the supply of organic matter, 
the change from one industry to another must come at frequent in- 
tervals. If, however, a less destructive system of rotation is fol- 
lowed, so that the producing capacity of the soil for that series of 
crops is longer maintained, the change from one industry or set 
of industries to another may be miich longer postponed. These 
facts have been appreciated, more or less unconsciously, by the great 
body of our farmers. The wisdom of using a rotation oi crops and 
of maintaining the supply of organic matter in the soil is almost 
universally realized, though, unfortunately, not universally acted 
upon. When, for one reason or another, one crop or group of crops 
can no longer be profitably produced in a region, other crops come 
into use and new industries are established. Owing to this impor- 
tant fact the future outlook is encouraging. 

Our greatest national agricultural asset is the character and in- 
telligence of our farmers. If the present high standard of character 
and intelligence is maintained or improved, the nation need have 
little fear for the future of its agricultural production. At the 
present time the mean of our agricultural production is far below 
the possible maximum, both in gross amount and in yield per area 
in crop. The present low mean is largely the result of economic 
conditions. Any material readjustment of these conditions that 
would require or reward an increase, either in the gross amount of 
production or in the yield per area, would find an immediate and 
adequate response. Though the farmers have already done much 
in using crop rotation, in improving their methods of farming, and 
in accepting new crops and starting new industries, the end along 
these lines is not in sight; indeed, only a beginning has b^n made. 
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Better rotations are constantly coming into use, better methods of 
farming are being followed, new and miproved crops are constantly 
finding their places. 

The readjustments that take place in our economic conditions must 
be accompanied by many readjustments in our agricultural produc- 
tion. A higher degree of specialization in crops and methods must 
be expectea in some regions, together with more diversification in 
others. The facility with which our farmers respond to these eco- 
nomic readjustments, and with which they continue to accept im- 
proved methods and more valuable crops, will very largely determine, 
not only their individual success, but their value to the nation. It 
becomes, then, a matter of the first importance to insure the main- 
tenance of a high degree of character and intelli^nce in our 
farmers. If the fixture of our agricultural production is threatened, 
it is through the lowering of the grade of our farmers rather than 
through the exhaustion oi our soil fertility that it is more likely to 
come. 
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AGRICULTURAL PRODUCTION. 



By W. J. Spillman, 
Bureau of Plant Induatry, United States Department of Agriculture. 



Is crop production per acre fallinjg off? This question must be 
answered both yes and no. Our stnc^ of individual farms leads us 
to believe that on about 50 per cent of the farms of the country crop 
production is fallins; off. The other 50 per cent is about holding its 
own or increasing slightly. Exceptionally there is a farm on wnich 
yield per acre is enormously greater than it was a few years ago. 
Statistics which have hitherto been gathered on this subject do 
not reveal the actual status of affairs. These give average jrields 
by States or by counties. They take no account of lands abandoned 
or put into cultivation, an important factor in many sections. The 
abandonment of worn-out land and the putting of new land into culti- 
vation may keep up average yields. Nor do statistics reveal the fact 
that increase in average yielas for a given territory is largely due to 
enormous increases on comparatively few farms, a fact that our in- 
vestigations reveal to be true. On the whole, the yield per acre of 
our principal crops has increased slightly for the past two decades, as 
shown by the following figures : 

Average yield per acre for flvo-year periods. 





Wheat 


Com. 


Oats. 


Cotton. 


IflOl to 1806 


BusheU. 
13.4 
13.2 
13.0 


BusheU, 

23.6 

26.5 

a27.« 


BusheU. 
20.0 
23.2 
83.0 


Pounds. 
172.3 


ISOGtolOOO 


192.4 


1001 to 1006 


184.6 







• Owln« to the low jleld in 1901, on account of the aerere drought, thia ayerage la made 
up for the period from 1902 to 1906. 

There is no question that on something like half of the farms of 
this country the yield is less than when the soil was new. The under- 
lying causes for the condition now existing with reference to crop 
proouction are easily apparent to the student of agricultural history 
and methods. 

EXPLOITIVE FABMINQ. 

In a state of nature, soils which are well adapted to the growth of 
vegetation are maintained in a high condition of fertility. Plant 
roots thread the soil to great depth. When they decay they not only 
furnish plant food for succeeding generations of plants, but provide 
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humus, which aids in storing moisture and, perhaps, in removing 
from the soil deleterious substances thrown on by plant roots. In 
addition, the continual decay of plant roots leaves channels in the 
soil which open it so as to permit a free circulation of air and 
moisture. Animal life in the soil adds to its permeability by mak- 
ing burrows. In some sections of country the common fish worm 
penetrates soils to great depths, making channels which carry down 
rain water and thus prevent it from flowing off the surface. For 
these reasons all soils when first put into cultivation, which are well 
adapted to the production of plants, are highly fertile. Experi- 
ence in many States has shown that good virgin soils for approxi- 
mately half a century after they are put into cultivation will pro- 
duce good crops with practically no attention to renewing their 
•fertility. Under such conditions the farmer, who naturally follows 
the line of least resistance, will exploit his soil. He adopts types 
of farming akin to mining, and contmues to draw on the resources of 
the soil's fertility until it is exhausted, before lessening yields 
compel him to adopt more expensive methods of farming required 
for maintaining or Duilding up the soil fertility. 
On a new and rich soil very little knowledge is required for the 

Production of profitable crops. All that is necessary is fo plow, 
arrow, plant, till, and harvest, which anyone can learn in a 
short while. Considerable areas of soil are still found in this 
country from which the fertility has not been completely mined, 
so that exploitive farming is still practiced with apparent success 
in some States. These are the more newly settled re^ons, the most 
important of which are the Dakotas, the semiarid plains region, and 
the upper Columbia Basin of Washington, Oregon, and Idaho. In 
these the original fertility of the soil still suflSces for the production 
of good crops with the most unscientific methods of farming, though 
in some of them lessening yields are becoming apparent. In some 
cases the introduction of weeds which are adapted to growing in 
grain fields have compelled changes in the system of farming, but the 
change has in the main been from one exploitive type of farming to 
another. Very large areas of land in this country have now been 
farmed about long enough to exhaust their original fertility. This 
is true of the great body of agricultural lands in the Mississippi 
Valley extending from the Canadian line to the Gulf, and from the 
Appalachian Mountains to eastern Kansas and Nebraska.- The more 
progressive farmers in this vast area have adopted systems of farm- 
ing which tend to build up soil fertility. In some sections the 
change from exploitive to conservative types has been more or less 
general, in others it is decidedly sporadic. 

There are considerable areas, including the territory east of the 
Appalachian Mountains and mast of the cotton-producing States, in 
which the land has been farmed much longer than was necessary to 
exhaust the original fertility. In the norUiem half of the Atlantic 
coast region the change from exploitive types of farming has been 
very general and agriculture is on a fairly sound basis, T)ut in the 
remainder of this region exploitive farming still remains, and crop 
yields are much less than they were a generation or two ago. There 
are several instances of exploitive types of farming that have lin- 
* gered long beyond their legitimate life. These are found on the 
average cotton farm of the South, in the tobacco fields of Virginia 
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and Maryland, in the com and wheat fields of southern Illinois, west- 
em Kentucky, and southern Missouri, and in the cornfields of the hill 
country of the South and of northern Arkansas. The great wheat 
fields of northern California have just reached the point where 
waning fertility is evident in the low and generally unprofitable 
yields. The Willamette Valley of Oregon passed through this stage 
a dozen years ago, and in that section the change to fruit raising, 
dairying, and other types of live-stock farming are rapidly bringing 
the soil back to its original fertility. 

C03IMERCIAL FERTILIZERS. 

The early period of exploitive farming usually gives place to a 
short period of diversification, during which the more progressive 
element among the farmers experiments with new types of farming, 
live stock becoming an important factor. In a short while the best 
forms of live-stock farmmg for a given locality are determined 
and more permanent systems of farming are developed. These 
maintain or increase the fertility of the soil. But the change from 
exploitive to conservative types is a difficult one to make. The fact 
has already been noted that exploitive farming requires only a small 
degree of intelligence on the part of the farmer. On the other hand, 
any form of live-stock farming requires more constant attention and a 
very much greater degree of intelligence. Farmers are prone, there- 
fore, to continue the less strenuous system to which they have been 
accustomed. In the North, where satisfactory grasses and clovers 
were early found, and where there are no special difficulties in the way 
of development of live-stock industries, the adoption of conservative 
types of farming has progressed in a fairly satisfactory way. In the 
South, on the contrary, several difficulties have been met with, and the 
development of conservative types has been greatly retarded. 

The difficulty of introducing live-stock farming, especially in the 
South, and to some extent in other sections, has led to a very general 
reliance on commercial fertilizers. Twenty years ago the use of 
these artificial manures was practically confined to the Atlantic sea- 
board. In the northern part of this section it was confined to the 
more intensive types of farming, like fruit raising and truck grow- 
ing, in which the maintenance of soil fertility by feeding stock was 
out of the question. Farther south fertilizers were very early used 
in the production of ordinary field crops. The use of commercial 
fertilizers has extended westward during the past two decades in 
a remarkable maimer. They are now used from the Atlantic coast 
to eastern Kansas, from the Gulf of Mexico to the Ohio River, and 
to a considerable extent northward as far as Michigan. According 
to the census of 1900, the value of commercial fertilizers used in the 
United States was about $50,000,000. At the present time it is 
estimated that twice this amount is used. So great has become 
the dependence on chemicals that in some States fully 10 per cent of . 
the value of the crops is expended in purchasing fertilizers. This 
is a heavy tax on agriculture, and, while it has served temporarily to 
maintain yields in most cases, it has greatly decreased the profit from 
farming. In some sections the continued excessive use of fertilizers 
has led to injury of the soil from the accumulation of the residue 
left by the chemicals. Some of the truck soils of the Atlantic coast, 
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on which enormous quantities of fertilizers have been used for many 
years, have become so charged with these residues that thej^ have 
been abandoned, and large areas of cotton lands are beginning to 
show injury from the same cause. 

SOIL EROSION. 

The northern half of the country has always been more or less 
covered with various grasses. These have prevented soil erosion 
except in small isolated areas; but in the South, where a single-crop 
system with clean culture has been the rule, and where, in conse- 
quence, the soils have been left bare during the winter, soil erosion 
has been an important factor, especially where the land is more or 
less rolling or hilly. In some sections erosion has proceeded to such 
an extent that considerable areas have been abandoned. 

ECONOMIC CAUSES. 

Exploitive types of farming, as already stated^ require less knowl- 
edge than the more complex types which provide for maintaining 
soil fertility. Not only that, but they require much less capital. The 
equipment of an ordinary cotton farm in the South, including build- 
ings, live stock, and implements, does not exceed $10 per acre. On 
an ordinary grain farm in the West the corresponding equipment 
amounts to approximately $20 per acre. On a well-equipped hay 
farm, $40. On the other hand, a properly equipped hog farm must 
have about $70 per acre expended in buildings, lences, live stock, and 
machinery in order to put it in condition to return a maximum in- 
come. A good dairy farm requires $100 an acre for equipment, and 
the highest class dairy farms m this country have had $300 per acre 
thus expended. It is natural, therefore, when we remember that a 
large part of the West has been settled by pioneers without capital 
other than their energy and intelligence, that these cheaper types 
of farming should develop. It is also characteristic for men to live 
up to their income, hence it is that a chan^ to higher types of agri- 
culture has been retarded by the difficulty of securing sufficient 
capital. The development of agriculture has, therefore, been re- 
tarded both by lack of capital and by the fact that the change from 
exploitive to conservative types of farming requires knowledge which 
the average farmer does not possess. In the South special difficulties 
have existed. In the first place, the prevalence of the cattle tick has 
made beef production and dairying very precarious. The warm 
climate has also added greatly to me expense in the handling of 
milk. Not only that, but the available labor of the South has not 
been of a type that could easily be taught the management of stock, 
nor could it be relied on to give that constant attention necessary 
to success with any class of farm animals. As a result exploitive 
types of farming have continued in this section long beyond the time 
when they yield a fair return to labor. This is one reason why the 
use of commercial fertilizers has extended so much more rapidly in 
the South than it has in the North. 

SHALLOW PIX)WING. 

In all sections of the country where farming has continued so long 
that exploitive types of farming are no longer profitable, the decreas- 
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ing fertility of the soil and the conseauent impoverishment of the 
farmer has led to the use of inferior araft animals, with resulting 
shallow plowing, so that in many sections only 3 or 4 inches of the 
top soil is now Utilized. 

NEED OP INCBEASED CROP PRODUCTION. 

During the past century the increase in the area of cultivated land 
in this country has, in general, kept pace with increased demands for 
farm products, and in some instances has even exceeded these de- 
mands. In the case of the wheat crop this is still true. In recent 
years the lands which have been brought into cultivation have been 
mainly wheat lands. The average crop of wheat produced during 
the five-year period frcwn 1895 to 1900 was 540,000,000 bushels. Dur- 
ing the next five-year period the average was 660,000,000 bushels, an 
increase of 22.2 per cent. During the same period the population 
increased only 9.2 per cent, but during this same period wheat exports 
decreased over 23 per cent. The increase in the production of corn 
was slightly less than the corresponding increase in the population. 
Not only has there been a large increase in area of wheat land in 
this country in recent years, but there has been a similar increase in 
other countries, especially in Canada and in Argentina. It is prob- 
able that the increase in area of available wheat land will continue 
for some years to meet increased demands for this cereal, but in the 
case of corn, the most important crop in this country, conditions are 
different. For the past few years the increase in the area of com has 
not kept pace with the increased demands for this cereal. As a result 
the price of com has been higher during the past five years than dur- 
ing any similar period in the history of this country, even with the 
record-breaking crop of 1906. With the exception of the wheat crop, 
there is no question that future increases in demand must be met 
largely by increased yields per acre, and ultimately the same will be 
true even of wheat. The supply of easily available farm land in 
this country is well-nigh exhausted. Irrigation projects in the West 
may add a few million acres and drainage of swamp lands will ulti- 
mately add several million acres, but these additions will hardly 
meet the increased demands for the present and not at all those of the 
future. 

It is fair to assume that the demand for farm products will con- 
tinue to increase approximately at the present ratio for the imme- 
diate future^ at least until population begins to press upon the food 
supply. With practically all of the easily available farm land al- 
reaay in private hands, it is evident that future needs must be met 
by increased yields per acre. Can this be done? That we shall ulti- 
mately reach a condition under which the power of the soil to pro- 
duce crops can not be made to meet all demands on it seems reason- 
ably certain, but not imminent. When we remember that the average 
yield of com in this country is less than 30 bushels per acre, while 
on the best farms it is more than 100 bushels; that the average yield 
of wheat is only about 15 bushels, while on many farms it is more 
than 30 bushels; that the average yield of cotton is two- fifths of a 
bale, while on many farms it is 1^* or 2 bales, it would appear that 
with our present area of land it would be possible, by the most ap- 
proved systems of farming, to feed and clothe twice our present 
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population without requiring too much of the farm. It would prob- 
ably be possible by united and intelligent effort to double the yield 
of every important crop in this country. This has been done in the 
older countries of Europe. In fact Germany, France, and England 
to-day, on lands farmed many centuries, produce yields practically 
double those in this country. For instance, the average yield of wheat 
in bushels per acre in these countries for the period of 1897 to 1906 
is as follows : Germany, 28 ; France, 19.8 ; and England, 32.2 ; while 
the yield for the United States is only 13.8. But to bring about these 
increased yields exploitive types of farming must be utterly aban- 
doned and in their place types must be developed that provide for 
maintaining and building up the fertility of the soil. It is no small 
task to bring about such a revolution in methods of farming. 

The point nas already been made that conservative farming requires 
more capital, more expense in operation, and a higher degree of in- 
telligence on th^ part of the farmer. It also requires better systems 
of management. How then shall we bring about these better systems 
of farming which, in the near future, will be necessary to meet the 
demand for farm produce in this country? 

BETTEB TYPES OF FABMING. 

In the first place, types of farming that maintain or increase soil 
fertility must be more generally adopted. This means the extension 
of the various types of live-stock farming and a decrease in the area 
devoted to crops for sale. It is evident, therefore, that the extension 
of live-stock farming alone will not meet the conditions. We must, 
therefore, depend more and more largely upon other means of build- 
ing up soil fertility. Experience has shown that dependence can not 
be placed on commercial fertilizers alone. Their indiscriminate use, 
without attention to the humus content of the soil, has not proved to 
be satisfactory. Not onlv that, but the supply of some of the chemi- 
cals which have been relied upon in the past to maintain crop yields 
is not inexhaustible. Practically our whole supply of potash is ob- 
tained from a single locality in Germany. The mines which supply 
this material will undoubtedly be exhausted in the not distant 
future. * The major part of our supply of phosphorus comes from 
material mined along our South Atlantic coast. As time goes on the 
supply of phosphorus decreases, and undoubtedly we shall soon reach 
a period when increased demand and decreased supply will result in 
a rise in price that will render the use of phosphates less profitable 
than at the present time. The problem, therefore, is an exceedingly 
complicated one ; even when we exhaust our knowledge of the possi- 
bilities in the matter of increasing soil fertility we have not fully met 
the conditions. This means that scientific investigation on behalf of 
the farmer, especially as relates to the maintenance of soil fertility, 
is not yet finished. It is highly important that these investigations 
should be extended and that encouragement should be given to those 
who are trying to solve the problems of soil fertility. It is known 
that much can be accomplished by the growing of cover crops to be 
turned under for the production of humus. Especially is this true 
of the legumes, such as cowpeas, soy beans, the vetches, and the 
clovers. These not only add humus, but because of their power 
of utilizing atmospheric nitrogen they store in the soil great quan- 
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titles of nitrogen, the most expensive of all plant foods. The nne 
of such crops, together with a moderate use of commercial fertilizers, 
greatly enhances the producing power of the soil, and in sections 
where live-stock farming can not be developed. The farmer must be 
taught how to use crops of this character. It is seen that the problem 
is, therefore, largely one of teaching the farmer systems with which 
he is to a large extent unfamiliar. How shall this be accomplished ? 

EABM PRACTICE INVESTIGATIONS. 

Many of the principles involved in crop production have been 
worked out through investigations of scientists. On the other hand, 
practically every intelligent farmer is more or less of an experi- 
menter. There is a vast fund of knowledge in possession of indi- 
vidual farmers of this country, but, generally speaking, the farmer 
makes no record of his results, and the experience of one farmer is of 
comparatively little benefit to another. To meet this condition the 
United States Department of Agriculture has undertaken the in- 
vestigation of farm practice in all sections of the country. The ex- 
perience and results of the most successful farmers are collected and 
correlated, thus adding enormouslv to our store of knowledge con- 
cerning the elements of success in farming. It is fair to assume that 
half of the growing science of farming, in so far as it has been formu- 
lated, is the result of practical experience on the farm; the other half 
is the result of scientific investigation. While there are many prob- 
lems yet unsolved, one of the main problems at the present time is 
how to get knowledge already in our possession into the hands of the 
farmer. Freq[uently the problem of the farmer in introducing an im- 
portant principle into his operations is fully as great as that of the 
scientist who discovered the principle. There is need, therefore, of a 
central agency which shall be in intimate touch with the scientist and 
with those farmers who have worked out important problems, on the 
one hand, and with the main body of farmers who need information 
about better systems of farming and better farm methods, on the 
other. The problem here is that of bringing home to the people the 
work of the State to aid the farmer. Many agencies are available in 
this work. The bulletins issued by the States and by the National 
Department of Agriculture are of much value. The farmers' insti- 
tutes reach a large number of farmers, and the agricultural press 
disseminates information ; but when all is said and done the fact re- 
mains that the average farmer is not in the habit of getting his in- 
formation from the printed pa^e. He gets it from observation. Not 
only that, but, as before stated, it is frequently a difficult matter to 
make use of information, because to do so requires radical changes in 
the system of farming. An important means, therefore, of getting 
information into the hands of the average farmer is that of the itiner- 
ant teacher. Not only does he become acquainted with the people, 
thus gaining their confidence, but he leams their problems and he 
knows the information they need. Direct personal contact is an im- 
portant factor in influencing the farmer to change his system. 

The farmer must be taught how to plan his work with a view to 
better utilization of farm labor. During the past few years labor 
has been exceedingly scarce and only those farmers who could give 
employment the year round have been able to secure sufficient labor 



Digitized by 



Google 



264 BEPOBT OF NATIONAL CONSEBVATION COMMISSION. 

to carry on their work properly. Fundamental studies are necessary 
in order to determine the relation of various types of farming and 
rotations of crops to the needs of labor at all seasons of the year. 
These studies are beinc made by the Office of Farm Management 
in the Bureau of Plant Industry. The farmer must be taught proper 
methods of fertilization, improved methods of cultivaticm; he must 
be taug:ht the principles of drainage, and in sections where soil erosion 
is imminent, or is taking place, he must be taught how to prevent it 
by deep plowing and an abundant supply of humus, and in extreme 
cases by contour cultivation or by terracing. 

IMPBOVEMENT OF CBOPa 

In addition to better systems of farming and better methods of 
fertilization, cultivation, etc., much can be done to increase the yield 
of crops by the introduction of better varieties and by the improve- 
ment oy breeding and selection of the varieties already at hand. 
Abimdant investigation has shown that an increase of 25 per cent in 
the yield of our common crops can be produced by the selection of 
individual plants having hiffh yielding power. There is an especial 
advantage m this method of increasing crop production in that the 
use of improved seeds does not rejjuire any higher intelligence than 
the use or ordinary seeds. This is especially true of new varieties 
of fixed type which are of superior merit, for when the farmer once 
secures a small amount of the seed of such a crop he obtains a perma- 
nent increase in yield, even where his methods are not changed at all. 

ACCIDENTAL LOSSEa 

The yield of nearly all crops in this country is decreased to a con- 
siderable extent by the ravages of insects and by fungous diseases. 
These are in many cases preventable. The methods required, how- 
ever, call for considerable intelligence, and constant eflfort is neces- 
sary to get the farmer to use them. It is a legitimate function of the 
State to teach the farmer the use of remedies for these pests. 

It will not suffice to maintain agricultural production merely to 
teach one generation of farmers how to farm. The personnel oi the 
farming community is continually changing. New men embark in 
the business and young men grow up to assume the duties of their 
elders. These new farmers must in the main be taught over again 
the lesson learned by those who preceded them. The task of teach- 
ing the farmer will, therefore, never be finished. It is abundantly 
demonstrated, however, that when the task is properly done, the soil 
at present available in this country may feed and clothe a popula- 
tion enormously greater than that which it now does. 
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INTERPRETATION OF CROP STATISTICS. 



By Dr. A. C. True, 
Director of Office of Experiment Stations, U. S. Department of Agriciiltnre. 



Although the data show an increase in the average ^ield of differ- 
ent crops for the ten years, 1897-1906, as compared with the average 
for the forty years, 1867-1906, they do not necessarily indicate an 
actual increase in the amounts of plant food in the soil, taking the 
country as a whole, nor do the average low yields for certain periods 
definitely mean a decrease in the quantity of plant food at those 
times. It is to be expected, however, that in certain sections this 
natural resource has diminished through improper management, but 
the depression is entirely obliterated in the average figures by con- 
ditions and circumstances incident to the development ol new regions 
and not infrequently by accidental climatic conditions and other 
forces. 

In the interpretation of the crop statistics for the last four decades 
a number of lactors must be considered. Some of these are general, 
while others are local and incidental. The influence of our agri- 
cultural experiment stations is limited to the twenty years since they 
l)ecame generally established. In most States agricultural colleges 
have not been well established longer than the experiment stations, 
while farmers' institutes and other agricultural extension work are 
of a still more recent date. The agricultural short courses and win- 
ter courses, which are now attended by thousands of farmers and 
farmers' sons, are the development of comparatively recent years. 
In fact, many of the factors just mentioned can have had an effect 
on crop production only during the last ten or fifteen years. The 
principal forces with a bearing on crop yields are the works of the 
United States Department of Agriculture^ agricultural experiment 
stations, agricultural colleges, farmers' institutes, and state boards of 
agriculture, the agricultural press, the better adaptation of crops to 
the conditions of soil and climate by seedsmen and plant breeders, the 
more liberal and more rational use of fertilizers, oetter methods of 
farm management, especially in the diversification and rotation of 
crops or the introduction and substitution of kinds and varieties of 
crops in particular sections, the progress in the improvement of agri- 
cultural implements, and the increase in the value of the crops and 
of the land. 

All these influences are now widely operative in the United States 
and undoubtedly are doing much toward the general improvement 
of. our agriculture and the maintenance of soil fertility. 

^ 265t 
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Other factors of wide influence, however, affect the average crop 
yields of limited periods, and these must be taken into account in the 
analysis of crop statistics. This is decidedly the case in the periods 
now under consideration. For example, in considering the average 
yields for the different decades account must be taken of the fact that 
during the period of 1897-1906 the number of good crop years was 
greater than in the preceding decade. Statistics of this department 
show that from 1887-1896 the average yield of corn was low in 1887, 
1890, and 1894; of wheat in 1888, 1890, and 1898; of oats in 1890 and 
1893; of barley in 1887 and 1894; of. rye in 1887, 1888, 1890, and 
1892; of buckwheat in 1887 and 1888; of potatoes in 1887, 1890, 1892, 
and 1894; and of hay in 1887, 1890, 1891, 1892, 1894, and 1895; while 
from 1897-1906 they indicate a low average yield of corn onlv in 
1901, of barley in 1900, and of potatoes in 1897 and 1901. This fact 
contributes as much, if not more than any other, to the reduction of 
the average yield for the decade of 1887-1896 and the very perceptible 
increase ror the decade 1897-1906. An almost unusual succession 
of good crop vears in the last decade has had its effect in bringing the 
average for this period above the average for forty years. Undoubt- 
edly some of the larger average yields in the first decade here con- 
sidered are due to the fertility of new lands, while some of the re- 
duced average yields of later periods mav be due to a decline in fer- 
tility in some of the older farming regions. The universal custom 
in new regions has been the continuous taking of crops from the soils 
without putting anything back in the way of manure, etc 

A strong incentive to farm with greater care and thoroughness is 
the increase in the value of farm lands and farm products and the 
consequent increase in land rents. On the one hand, greater returns 
are required to maintain the rate of income on the present valuation, 
and, on the other, the enhanced value of the product.s, together with 
the rapid decrease of new lands suitable for agriculture, makes it 
incumbent upon the farmer to use more care and skill in his work. 

By considering each crop separately the effect of some of the prin- 
cipal influences tending to raise or to knver the average yield may 
be brought out more clearly. The increase in the average corn yield 
per acre in the northeastern part of the country, from Maryland to 
Maine, has been due, among other things, to the extension of the 
dairv industry in that section. In dairying, the grain and roughage 

f)roauced on the farm are fed to the cows and the comparatively 
arge quantities of manure produced are returned to the soil, with the 
result that the fertility and consequently the average yield is 
brought up. Fnrtliermore, in the New England States farmers in 
certam sections are beginning to grow the higher yielding Dent vari- 
eties of corn in place of the Flint varieties. Throughout the corn 
belt seasons have been quite favorable in recent years. The methods 
of cultivation, largely due to experiment-station work, have been im- 
proved, and as a re-^ult of station and extension work a much more 
rational selection of seed corn is practiced. This is noticeably true 
in Indiana, Illinois, and Iowa, where the average yield has consider- 
ably increased during the last decade. The high average yields of 
earlier periods are probably due largely to the initial fertility of the 
soil. It is also a fact that as some of the States were settled the best 
lands were first brought under cultivation, and therefore the average 
yields are highest in the earliest decade. Kansas and >;ebiaska and 
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all of the States of the plains were first settled along: the river valleys 
in their eastern parts, where both soil and climatic conditions were 
most favorable, and for this reason the average yield of crops for this 
pei-iod shows up well, while later on, when settlers worked westward 
and were obliged to take greater risks, especially with reference to 
precipitation, the average yields naturally decreased. This condition 
makes it extremely difficult to definitely interpret crop statistics for 
the States which were settled during this period. In this case the 
lower average yields of later decades do not indicate a reduction of 
fertility. The statistics for corn brin^ out this fact better than those 
for wheat, because corn was not so subject to the attacks of the chinch 
bug in some of the earlier periods. 

Wheat production has been very favorably influenced by the intro- 
duction of varieties better adapted to certain regions. The durum 
wheats, introduced by this department since 1900, have proven to be 
drought and rust resistant, outyielding most spring varieties in dry 
seasons. About 50,000,000 bushels were grown in 1907, which repre- 
sents more than one-twelfth of the entire wheat production of the 
country for that year. In addition the winter wheat area, through the 
introduction of hardier types, has been extended farther north, this 
being particularly true in Isebraska, and to a lesser extent in Iowa. In 
this section winter wheat usually yields better than spring wheat, while 
the average yield of spring and winter wheat for the whole country 
shows but little difference. In nearly all those States in which dry 
farming and irrigation are practiced, the average yield of wheat has 
gone up, mainly because these methods of farming are becoming bet- 
ter understood, or, in other words, the farmer has become more effi- 
cient in the utilization of the plant-food resources present in the soil. 
In some of the older and prmcipal wheat-producing States where 
up-to-date methods are in use and where wheat improvement has been 
carried on bv experiment stations and other agencies, the average 
yield has declined, but this may be taken as showing that on the one 
hand the soil fertility has gone down, while on the other the opposing 
factors have not been quite efficient enough to overcome the decline 
in yield due to this cause. 

The same statements in general may be made in regard to oats and 
barley, and attention may be called to the figures given for Montana, 
Idaho, Utah, and Washington. These remarkable increases in the 
average yield do not mean that more available plant food has been 
added to the soil, but that more finds its way into crops because of 
improved and more efficient methods. In Wisconsin, Alanshury bar- 
ley, introduced and disseminated by the experiment station, has be- 
come the standard barley of the State, and has proved a very practical 
barley for the Northwest. This is evidently one of the principal fac- 
tors which has brought up the average yield, almost 4 bushels per acre 
during the last decade. 

The data on potatoes hardly admit of general conclusions. This 
crop is frequently neglected when other lines of work are more profit- 
able, and especially when the farmer aims to grow enough for his 
own use only. In some of the Eastern States, for instance, where the 
dairy industry has recently made such rapid strides, the potato crop, 
and especially commercial potato growing, has fallen out of favor to 
some extent and a loss of average yield has been sustained. The hi^h 
average yield in Maine for 1897-1906 is principally due to the de- 
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velopment of the Aroostook County potato-growing region of virgin 
soil. The Maine Experiment Station has been of very material as- 
sistance in bringinj^ into use more rational methods of applying fer- 
tilizers and estabfishing the practice of spraying against potato 
diseases. 

In summarizing, it ma^ be said that the data presented in the tables 
show how the average yields for any given period may vary as com- 
pared with those of another period and that the crop-producing 
?>ower of our soils, taking the country as a whole, during tiie last 
orty years has not decreaiad. The explanations given above are not 
complete, as they suggest only briefly in what ways different factors 
may be active. The campaign of agricultural education, continu- 
ously carried on by this department, the agricultural experiment 
stations, agricultural colleges, and other means of agricultural instruc- 
tion, has for its object the improvement of agricultural conditions in 
general, and this is largely brought about by increasing or at least 
maintaining the crop-producinff power of the land, fi reviewing 
results, however, it is impossible to say exactly how much credit is 
to be given to each factor, as data are not to be found from which 
such conclusions might safely be drawn. Further, the variation of 
the average yields between different periods can not be interpreted 
as meaning a corresponding decrease or increase in the amount of 
available plant food present in the soil. 

During the past decade the American farmer has been stimulated 
and encouraged by generally favorable weather and rising prices for 
farm products. At the same time he has had the aid of a system of 
agricultural education and research, organized under national and 
state auspices^ which for the first time in the history of this country 
has become widely diffused and broadly efficient. Agriculture under 
these conditions has rapidly improved and become a hopeful and pro- 
gi*essive industry. The problem now is to diffuse agricultural edu- 
cation so thorouffhly and effectively that the ^at mass of our 
farmers will be able, even under more adverse conditions, to more than 
hold their own in the world's competition and maintain unimpaired 
the fertility of our soil for the benefit of succeeding generations. 
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THE CONSERVATION OF THE FERTILITY OF THE SOIL. 



By Dr. H. W. Wiley, 
Chief of Bureau of Chemistry, U. S. Department of Agriculture. 



In compliance with the request of the President of the United 
States, I offer to the commission appointed for the conservation of 
our natural resources the following observations upon the conserva- 
tion and increase of the fertility of the soil. 

This is a problem which has from the earliest times been of interest 
to all persons connected with affriculture. In 1788 the Philadelphia 
Society for Protecting Agriculture, recognizing the importance of 
this problem, took steps to secure a proper discussion of it. This 
society offered premiums for the discussion of certain problems re- 
lating to agriculture, among which I may mention the following: 

III. For the best method of counteracting the Injurious effects of frost, in 
heaving or spewing up ground and exposing roots of wheat to the drying winds 
of the spring, founded in exi)erieuce, a gold medal, and for the second best a 
ailver medal. The account to be presented to the society by the 20th of De- 
cember next. 

V. For the best method of recovering worn-out fields to a more hearty state, 
within the power of common farmers, without dear or far-fetched manures; but, 
by judicious culture, and the application of materials common to the generality 
of farmers, founded in experience, a gold medal; and for the second best a 
silver medal. To be produced by the 20th of December, 1788. 

VI. For the best experiment, soil and other circumstances considered, In 
trench plowing, not less than 10 inches deep, and account of the effects thereof, 
already made or to be made, on not less than one acre, a gold medal; and for 
the second best a silver medal. To be produced by the 20th of December, 1789. 

VII. For the greatest quantity and variety of good manure, collected in one 
year, and best managed, from materials common to most farms, regard to be 
had to the proportion and goodness of such manure, and the quantity and 
goodness of the arable and grass lands of the whole farm on which it is obtained, 
a gold medal; and for the second l>est a silver medal. To be claimed by the 
20th of December, 1789. 

XI. For the greatest quantity of ground, well fenced, in locust trees, or poles 
of the sort used for posts and trunnels, growing in 1780, from seed sown after 
this time, not less than one acre, nor fewer than 1,500 per acre, a gold medal ; 
for the second l)est, a silver medal. To be claimed in December, 1789. 

XIV. For the best method, within the power of common farmers, of recovering 
old gullied fields to a hearty state, and such uniformity or evenness of surface 
as wili again render them fit for tillage; or, where the gullies are so deep and 
numerous as to render such recovery impracticable, for the best method of 
improving them, by planting trees or otherwise, so as to yield the improver a 
reasonable profit for his expenses therein, founded on experiment, a gold 
medal; and for the next best a silver medal. To be produced by the 1st of 
January, 1790. 

From the above list of problems submitted for discussion it will be 
seen that the importance of the conservation and increase of the 
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fertilitj of the soil was thoroughly reco^ized at that epoch. The 
prospectus stating the problems to be discussed was issued by the 
society over the signature of its secretary, Samuel P. Griffitts, on the 
5th 01 February, 1788. The prospectus was published in the Colum- 
bian Magazine for February, 1788. I have not yet been able to find 
any printed copies of the answers to these problems, although I am 
still on the lookout for them. It would be of the greatest interest at 
the present time if the views which were entertained immediately 
subsequent to the Revolutionary war on this important subject could 
be considered, and later on I have given a summary of them. In the 
further consideration of this subject I will first call attention to the 
problem of washed soils. 

In 1894 I embodied in Farmers' Bulletin No. 20, in collaboration 
with the divisions of Soils, Forestry, and Botany, my ideas of the 
best methods of recovering washed soils. The part which I con- 
tributed en bloc is found on pages 7-11, which is as follows: 

Along the banks of the Ohio River and In very many portions of the Sonth 
hundreds of fields that were once covered with sturdy forests of oak, maples 
walnut, and pine, and which bore under cultivation, after being cleared of the 
natural growth, large crops of wheat, maize, tobacco, and cotton, may now be 
seen furrowed with gullies as with the wrinkles of age, and abandoned to 
brush and briers. 

A surface layer of good agricultural soil 6 inches deep resulting from the 
Blow and gradual disintegration and decay of rocks and accumulation of humus 
may have required hundreds of years for its natural formation, and yet it is 
liable to be washed away in a single storm. 

This excessive erosion, or washing, of lands may be prevented, and the 
already gullied fields may be recovered, and steep slopes of loose material may 
be held and prevented from washing — 

(1) By chemical meansy in the application of manures and fertilizers and in 
the accumulation of organic matter, which change the texture of the soil and 
make It more porous and more absorbent of water, so that there is less to run 
ofT over the surface. 

(2) By means of cultivation and underdrainagCt which prevent erosion by 
distributing the surface flow over the ground and increase the amount carried 
ofif by underdrainage. 

(3) By reforestation, or the planting of trees, which act mechanically to 
prevent washing. 

(4) By grass and similar vegetation^ which bind the soil grains and prevent 
their washing away. 

The erosion of a soil is caused by the wearing of the rain and snow waters 
which can not penetrate into the soil fast enough to be carried away by under- 
drainage, and which, by reason of the slope or contour of the land, run off over 
the surface, carrying along particles of sand and clay. When this water ac- 
cumulates in a depression in the field the force of the torrent may be sufficient 
to cut out a great gully in a short space of time. 

The extent of washing to which the soil is exposed depends upon the quantity 
of rainfall in a given time, the slope or contour of the surface, the texture of 
the soil, the vegetative covering of the surface, and the kind and condition of 
cultivation. A soil composed chiefly of moderately coarse grains of sand, and 
having good underdrainage, will absorb the heaviest rainfall without much 
danger of surface erosion. A clay soil, on the other hand, into which the water 
can not percolate with anything like the rapidity of the precipitation will be 
washed and guUled by the torrent of water which must flow over the surface. 

CHEMICAL RELATIONS Or THE SOIL TO STTBFACE WASHING. 

It has been repeatedly shown by experiments and by the experiences of farm- 
ers that a soil, as a rule, absorbs water more readily as the content of organic 
matter and of humus increases. Surface erosion can, therefore, be largely 
prevented by such a system of cultivation and cropping as will introduce as 
large a quantity of organic matter into the soil as i)ossible. A very old method 
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of recovering washed and gullied land is to place straw In the furrows while 
plowing, the straw not only acting mectianicnlly to hold the soil in place and 
prevent surface erosion, but also in a very efficient way to increase the quantity 
of humus, thus making the soil hold large quantities of water which otherwise 
would have passed off over the surface. In this simple way fields which have 
been l>adly washed and gullied and entirely abandoned may be recovered and 
made highly productive. 

The most important thing in the recovery of waste fields is the incorporation 
of organic matter of some kind in the soil ; pea vines, stubble, briers, or leaves 
from the forest may be used as a source of the organic matter. The straw 
from one acre of land which has been recovered, as mentioned above, will be 
sufficient to start the recovery of another acre, even if this be deeply furrowed 
with gullies. Where enough organic matter can be used as a surface dressing, 
this layer helps greatly to retain water and to make the underlying soil more 
absorbent 

As soon as a sufficient supply of humus has been accumulated and the lands 
are brought up to an adequate condition of fertility, clover or grass should be 
seeded, if the land is at all suited to these crops, or rye, oats, or field peas 
should be sown to help hold the surface. Little by little, but more rapidly 
than would be expected from the forbidding aspect of the field, the land can 
be reclaimed again and made productive through the accumulation of humus 
and organic matter. A soil containing a fair quantity of humus will wash 
less readily than one nearly destitute of this matter. 

A soil containing a fair supply of lime Is much less liable to wash than one 
similarly situated and exposed which Is deficient In lime. The reason of this 
Is that clays which are deficient in lime, when once brought into suspension 
by moving waters, will remain In suspension and keep the water turbid for a 
long time. Clays which are heavily impregnated with lime salts, on the other 
hand, are In a flocculated state, the fine grains of clay being held together and 
In contact with the larger grains of sand. This flocculated mass quickly settles 
and Is originally not so easily disturbed and carried off by moving water. A 
field treated with an abundance of lime Is thus less easily washed by heavy 
rains. The results of Investigations by Schulze, Schloeslng, and Hllgard have 
shown In a most emphatic way the beneficial changes which take place, espe- 
cially in stiff clay soils, by the application of lime. 

The change in the physical condition of the soil which is produced by the 
lime, and which is likewise produced by a number of other chemicals ordi- 
narily u^ed in commercial fertilizers. Is another Important factor worthy of 
consideration. A stiff clay soil is practically Impervious to the penetration of 
surface water when It Is delivered In such torrents as we are liable to have In 
our summer storms. A well-limed soil, on the contrary, although It may con- 
tain as much clay but in which the particles are flocculated or drawn together, 
is much more pervious to water, and the amount of water which the soil will 
carry down through underdraiuage Is increased, and the excess which has to 
flow off over the surface Is diminished. The surface washing of cultivated 
fields, especially those which are naturally deficient In lime, can be greatly 
diminished, therefore, by the free application of this substance to them. 

A number of the ordinary fertilizing materials have an Important effect 
upon the texture of soils and upon the permeability of soils to water, but few 
systematic Investigations have been carried on In this line and not much, 
except of local importance, has been definitely settled by experiments or by the 
experiences of farmers. 

From the above it is seen that the problem of washing may be 
partly controlled at least by the chemical treatment of the soil in 
such a manner as to render the particles more adherent and tenacious 
and less liable to disintegration under the action of rain. The tend- 
ency to wash may also be largely overcome, except in case of ex- 
cessive rainfall, by deeper tillage. If the hard underlaver of the soil 
on the hillside could be broken and softened to the depth of from 
12 to 18 inches the quantity of water which would be retained 
by the soil before starting to run would be greatly increased and 
thus the amount of washing would be to that extent diminished. 
Only those who have lived in localities in which the soils are subject 
to washing, as I have, can realize the great importance of making 
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efforts to counteract it. The methods of holding the soil by grass and 
by various trees are, of course, the most effective, but these take the 
soil away from tillage and thus, to a certain extent, restrict the 
farmer's activities in the growth of ordinary field crops. The con- 
tour method of tillage is also a great aid in this respect, and it should 
always be resorted to in connection with chemical and mechanical 
means of avoiding erosion. By careful attention to details of this 
kind it is easy to see that large areas may be restored to tillage which 
have been virtually abandoned and allowed to grow up in brush and 
briars. 

In an address delivered before the American Association for the 
Advancement of Science, Section C, in 1886, I discussed the econom- 
ical aspects of agricultural chemistry. This discussion was largely in 
the line of the conservation of plant food, which was made the subject 
of another discussion at a later period, as I shall mention further on. 
Without attempting to recapitulate here the statistical data on which 
the argument is based, I will call attention to some of the principal 
conclusions reached in this discussion. It was shown that the total 
value of plant food — that is, potash, phosphoric acid, and nitrogen — 
removed from the soil in the agricultural crops of the United States 
at that period had a market valu^ of three and one-third billion 
dollars. Of course the market value at the present time has increased 
not only in proportion to the crops but also in actual cash value for 
the ingredients mentioned. In commenting upon this point I said : 

These quantities of plant food removed from the soil annuaUj seem enormous, 
but it must be remembered that they are not all lost ; much of them is left in 
the soil, in roots, straw, stalks, etc. Those, however, who are acquainted with 
the method of farming practiced in the newer parts of our country know that 
cornstalks and straw are generally regarded as nuisances, to be removed as 
easily and speedily as possible. It is not tilling the soil, but killing it, that is 
practiced. Stables are removed to get out of the way of the accumulating ma- 
nure, and the cornstalks are raked together and burned to prepare th6 field for 
a new crop. True, in many localities the waste of such a proceeding, especially 
in nitrogen, is understood. Yet it must be confessed that over vast areas of our 
agricultural lands there is no conception of the idea of possible exhaustion of 
the soil, and no systematic method of preventing it. The refuse of the crop, 
the straw, the stalks, etc., are put out of the way as easily and quickly as 
possible, and without thinking of the robbery which is thereby committed. 

The stores of plant food which have accumulated in our virgin soils are indeed 
great, but they can not withstand this constant drain on them. The effects of 
tills system of culture soon show themselves in diminished yield, as is seen in 
the great wheat fields of the Northwest and of California, which do not produce 
at the present time more than half the crop at first obtained from them. 

It is interesting to note that at that time, in 1886, long before the 
discovery of the role of leguminous plants in jproducing nitrification, 
the importance of this process was fully realized in agriculture. I 
say on page 21 : 

It would not be proper to take time here to enter into a detailed discussion of 
the process by which organic nitrogen, or nitrogen of any kind, is converted into 
nitric compounds, a process which is of the utmost importance to vegetable 
growth and which it is now generally conceded is due to a kind of fermentation 
set up by a special organism. Thanks to the results of the patient and fruitful 
investigations of Pasteur, it has been possible to secure pure cultivations of this 
nitric ferment Perhaps the chief credit of this achievement is due to Schlosing 
and Muntz,« but the part taken In it by Warrington, Berthelot, Deherain, and 
Joulie must not be forgotten. 

« Comptes rendus, \ol. LXXXIV, pp. 301 et seq., and Vol. LXXXIX, pp. 801 
et seq. and 1074 et seq. 
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The dangers which were to be apprehended from denitrifieation 
were also fully set forth at that time, as will be seen by the following 
quotation : 

A process directly the reverse of nitrification has also been observed by 
Gayon and Dupetit,« by which nitrates are destroyed by a denitrifying ferment. 
This ferment is described as an anaerobe. It acts most vigorously at a tem- 
I)eratiire of from 35 degrees to 40 degrees, and the experimenters, under favor- 
able conditions, succeeded in totally decomposing a 5 per cent solution of nitrate 
of potassium. Heat, chloroform, or sulphate of copper sterilized the solutions; 
but carbolic and salicylic acids do not Interfere with the fermentation, on the 
contrary, are themselves decomposed, like organic matters. The gas evolved Is 
pure nitrogen, representing a large portion of the nitrogen originally present In 
the nitrate. The rest of it forms ammonlacal compounds.* 

Again, on page 32, 1 say : 

In the light of the Investigations of the last few years It may be well t« 
admit that the opinion held by the vast majority of agronomists and agricultural 
chemists and physiologists, that the free nitrogen of the atmosphere never Is 
assimilated by the growing plant, should be held open for revision. 

The general belief among scientific men who have paid attention to this 
matter has Inclined to the opinion of Lawes and Gilbert, Pugh, and Boussin- 
gault that the growing plant does not In any circumstances assimilate the free 
nitrogen of the air. So widespread was this opinion that before the Investiga- 
tions just noticed, when Atwater ^ published a series of experiments showing 
the contrary. It was thought some factor In the Investigation had been over- 
looked. According to Atwater*s results It appears that " the plants grown In 
nutritive solutions exposed to the air, but protected from rain and dew. con- 
tained at maturity much more nitrogen than was supplied them in nutritive 
solution and seed." 

This Is certainly a definite and unequivocal statement, and it was follou'ed 
by ** for this excess of nitrogen there was but one [losslble source, namely, the 
atmosphere." 

AH these elements in the conservation of the plant foods in the soil 
naturally must be construed in connection with the food supply of 
man himself, and this led to the following observation in the paper 
read in 1886, as follows : 

Since with a proi)er economy the natural supplies of potash and phosphoric 
acid, as we have seen, may be made to do duty over and over again and last 
indefinitely, the economist who looks to the welfare of the future need have no 
fear of the failure of these resources of the growing plant. Indeed, it may be 
said that the available Quantities of them may be increased by a wise practice 
of agriculture based on the teachings of agricultural chemistry. 

But with the Increase of population comes an Increased demand for food, 
and therefore the stores of available nitrogen must be enlarged to supply the 
demands of the Increased agricultural product. It Is certain that, with the 
new analytical methods and the new questions raised by the Investigations of 
which I have spoken, many series of experiments will be undertaken, the out- 
come of which will definitely settle the question of the entrance of free nitrogen 
into vegetable tissues. If this question be answered affirmatively, agricultural 
science will not place boiinds to the possible production of foods. If the nitrify- 
ing process does go on within the cells of plants, and If living organisms do 
fix free nitrogen in the soil In a form in which at least a portion of It m«y be 
nitrified, we may expect to see the quantities of combined nitrogen Increase 
pari passu with the needs of plant life. 

Thus even intensive culture may leave the gardens and spread over the 
fields, and the quantities of food suitable for the sustenance of the human 



« Comptes rendus. Vol. XCV, pp. 644 et seq. 

* Gayon and Dupetit report the latest results of their Investigations of the 
denitrifying ferment In the Journal de Pharniacie et de Chimin, July, 1886, 
pp. .34, 35. 

<^Am. Chem. Jour., Vol. VI, pp. 365 et seq. 

7253^— S. Doc. 676, 60-2, vol 3 18 ^ , 
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race be enormously incrpased. In regarding the agricultural economies of the 
future, however, it must not be forgotten that a certain degree of warmth is as 
necessary to plant development as potash, phosphoric acid, and nitrogen. 

If it be true, therefore, that the earth is gradually cooling there may come a 
time when a cosmic athermacy may cause the famine which scientific agricul- 
ture will have prevented. 

Fortunately, however, for the human race, the cereals, the boat single article 
of food, are peculiarly suitable to a cold climate. Barley Is cultivated In Ice- 
land, and oatmeal feeds the best brain and muscle of the world in the high 
latitudes of Europe. 

It l8 probably true that all life, vegetable and animal, had its origin in the 
boreal drcumpolar regions. Life has already been pushed half-way to the 
equator, and slowly but surely the armies of ice advance their lines. The 
march of the human race equatorwards is a forced march, even if it be no 
more than a millimeter in a millennium. 

Some time In the remote future the last man will reach the equator. There, 
with the mocking disk of the sun In the zenith, denying him warmth, flat- 
headed and pinched as to every feature, he will gulp his last mite of albuminoids 
in his oatmeal, and close his struggle with an indurate inhospltality. 

The waste and conservation of plant food was studied in a system- 
atic manner as applied to soil fertility in my address as retiring 
president of the American Chemical Society at the Baltimore meet- 
mg of the Society on December 27, 1893. The problem which was 
presented at that time was stated in the following language: 

One of the greatest of the practical problems presented for solution by 
agricultural chemistry is the conservation of plant food. With an abundance 
of plant food and a favoring climate, it is difllcult to place a limit to the power 
of the earth for supporting life. We have read much In political economy of 
the limit of subsistence, and one bold philosopher has based a theory of the 
limitation of the number of human beings upon the earth on the insufficiency 
of the earth to support a greater number. Happily, however, the Malthuslan 
philosophy was promulgated before the days of that great agricultural renais- 
sance which has been brought about chiefly through the efforts of experlm^ital 
agricultural chemistry. I am not so blinded by the achievements of agricul- 
tural chemistry as to deny to many other branches of science an important 
and, in many cases, necessary influence In this development of agricultural 
science; but I think every candid man will admit that in this development 
chemistry has always taken the front rank and led the way. This is pre- 
eminently true of the investigations into the nature and extent of the plant 
food available on the surface of the earth. In this country, owing to the great 
stores of wealth which the past had accumulated In the soil, It is only within 
recent years that the question of the supply of plant food has assumed any 
practical Importance. As long as there were virgin fields at the disposal of 
the agricultural rapist, the conservation and restoration of exhausted fields 
were of little consequence. The result has been that the wealth of hundreds or, 
perhaps, thousands of years slowly stored in the soil has been poured forth In 
a century, not only for the enrichment of this country, but for the benefit of all 
countries. ITnfortunately or fortunately these stores are now practically ex- 
plored and there Is little left In this land of virgin fertility to tempt the farmer 
to new conquests. Not only have these stores of plant food been utUized but, 
much to the discredit of the American farmer, they have been wasted. The 
mark of good agriculture is to see fields yielding annually good returns and 
Increasing or at least not lessening in fertility. This being true, the history 
of American agriculture to within a few years must be the history of bad 
farming, for everywhere we have seen fertile fields losing their fertility and 
farms once productive abandoned. No difference how great the store may be, 
if it be continually drawn upon and never replenished, the day will some time 
come when it will be exhausted. This day has come to a large portion of the 
agricultural lands of this country and to-day there Is an awakening everywhere 
In regard to the best methods of checking the waste and of restoring what has 
been lost. 

I desire for a brief period on this occasion to call the attention of the chemists 
of this country to some of the methods by which plant food Is removed from the 
fields and some of the direct and indirect ways in which it is and may be re- 
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turned. On a former occasion « I have disciissed the extent to which plant food 
Is removed from the soil directly In the crops and the dangers which arise to an 
agrlcoltnral community which continually exports its agricultural products. On 
that occasion I pointed out the amount of potash, phosphoric acid, and nitrogen 
per acre annually removed by the crops of the United States, and showed that 
the only safe agricultural products to send out of a country were sugar, oil, and 
cotton. It is true that with native, unexhausted soils a country may acquire 
great wealth by agricultural exports, but the history of the world shows that a 
country which depends for its wealth and its commerce on agricultural exporta- 
tion is in the end reduced to pauperism. A single example may serve to ac- 
centuate this remarls ; I refer to the Island of Cyprus, which two thousand years 
jigo was the granary of many cities bordering on the Mediterranean Sea. Sup- 
plying hundreds of thousands of people with com, it gradually became impover- 
ished, and to-day its soils are perhaps the poorest of any known. 

The waste to which I desire to call your attention to-day is not that which 
normally takes place in the production of a crop, but that which is incidental to 
the cultivation of the soil and to a certain extent unavoidable. My purpose is 
to develop, if it be possible, the relations of agricultural chemistry to this waste, 
with the purpose of pointing out a course by which it can be returned and in 
what way we may at least reduce to a minimum the unavoidable removal of 
valuable plant food. You have all, perhaps, surmised the character of this 
waste; I refer to the denudation of fields by water and to the removal of soluble 
plant food by the percolation of water through the soil. 

The losses due to the denudation of fields are purely of a mechanical char- 
acter. The natural forest, or the natural covering of grass over an area of soil, 
prevents, to a large extent, the denudation due to heavy downpours of rain. The 
removal of the forest and the destruction of the grass by cultivation leave the 
soil in a condition in which it is unable to resist the action of fiowing surface 
water. The muddy character of the water in all streams bordering on culti- 
vated hilly fields after a heavy rain storm is a familiar Instance of the tre- 
mendous energies which are exerted by a heavy downpour of rain In the carry- 
ing of the soil into the streams and its transportation toward the sea. 

It is not necessary to emphasize the fact that the agricultural chemist is 
practically powerless to prevent the surface erosion due to heavy rains, but a 
few practical lessons derived from the application of chemical discoveries to the 
soils show how, in a certain measure, even surface erosion may be controlled* or 
at least reduced to a minimum, by the application of the principles of culture 
founded upon the facts disclosed by advanced science. 

The observing agriculturist will have noticed that even in a hilly country a 
soil in situ underlain by limestone is less likely to be cut up by gullies than a 
soil similarly situated and deficient in carbonate of lime. The reason of this is 
plain. In a soil deficient in lime the clays when once brought into suspension 
by moving water assume a semicollold state and remain indefinitely in sus- 
pension. Clays, on the other hand, which are heavily Impregnated with lime 
salts are in a fiocculated state, and the larger aggregates thus produced settle 
quickly. The result of this Is that such a soil is less easily moved by water and 
a field thus treated less exposed to washing by heavy rains. 

The change in the physical condition of the soil which is produced by the 
lime is also another important factor worthy of consideration. A stiff clay 
soil is almost impervious to the penetration of surface water, and thus the 
amount which is carried off is raised to a maximum. A well-limed soil, on the 
contrary, in which the particles are perfectly fiocculated. Is much more pervious, 
and the amount of water which will be retained and delivered gradually to 
vegetable growth is much greater. Thus the beneficial effects of lime are 
manifested in both ways — in the better retention of the fiocculated clays and 
In Increasing the capacity of the soil for holding a given amount of water In 
its interstitial spaces. 

There are many other salts which also have the same properties as those of 
lime, but I have spoken of lime salts chiefly because they are cheai)er and 
therefore more economically applied. Terhaps, next to lime, common salt would 
be the most efficient In producing the results already describe<l ; but common 
salt, being extremely soluble, would soon be leached out of a soil. On the other 
band, lime, even when supplied as hydrate, In which case It Is somewhat soluble, 

•Vice-presidential address before the American Association for the Advance- 
ment of Science, Buffalo, IbbO. 
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quickly becomes converted Into a carbonate which is practically insoluble In 
water which does not contain an excess of carbon dioxide. 

I am aware of the fact that liming to prevent erosion by surface drainage 
has not been emphasized as an example of the benefit of the proper chemical 
treatment of soils, yet I feel sure that all who will give the subject a thoughtful 
consideration will agree with me in saying that this aspect of the subject is 
one of no small •importance, esiiecially when considered in respect of hilly 
fields, and even of fields of more level surface. 

Without dwelling long upon this point, it is only necessary to call your atten- 
tion to the immense quantities of soil material annually conveyed to the sea by 
the causes of erosion already mentioned to show what an active and powerful 
foe the farmer has in this source of loss. Any one who watches, even for a 
short time, the volume of water carried by the Mississippi into the Gulf of 
Mexico will have a most effective object lesson in regard to this source of loss. 

A more striking lesson may be seen in the hill regions bordering both banks 
of the Ohio River. Hundreds of fields once covered with sturdy forests of oak, 
nmple, and walnut, and afterwards bearing large crops of maize, tobacco, and 
wheat, may now be seen furrowed with gullies, as with the wrinkles of age, 
and abandoned to brush and briers. The same is doubtless true of other hill 
regions, but I speak the more advisedly of those which have come under my 
personal observation. 

(Jreat, however, as the mechanical loss of plant food Is, It is by no means as 
daii.i?erous as the loss of the soluble materials caused by the percolation of the 
water through the soil. The study of the nature of the loss of these soluble 
materials, together with the estimation of their amount, forms the subject of 
lysimetry. Agricultural chemists have used many devices for the purpose of 
determining the character and amount of the natural drainage of soils. Evi- 
dently the treatment of a specially prepared portion of soil by any solvent, 
although giving interesting results, does not indicate the natural course of solu- 
tion. The only way In which this can be determined is to.be able to collect, 
measure, and study the character of the drainage from a given portion of the 
arable surface of the earth in situ and under normal conditions. Various 
methods of lysimetric investigation have been proposed and used, all of them 
possessing many points of value. 

This paper discussed not only the sources of loss of plant foods, but 
also the methods by which the lost plant food may be recovered and 
restored. Special chapters are given to the conservation of nitrogen 
and the increase in its quantity; tojthe potash deposits and the like- 
lihood of discovering additional deposits to those which are found 
in Germany ; also to the question of phosphoric acid and its increased 
supply. I'he progress of the soluble plant foods from the time they 
are leached from the soil until they are carried into the ocean is 
traced, and also the methods by which they may be restored to the 
use of man. The conclusions derived from this study are as follows: 

From the foregoing summary of the methods of waste of plant food it has 
b(»eu seen that In si)ite of all the precautions of the farmer and the chemist, 
and in si)lte of the selective absorption of the soil, immense quantities of 
valuable plant food are carried Into the sea, where apparently they are lost to 
agriculture forever. But this Is only an apparent loss. The economies of 
nature are so hai)i)ily adjusted as to provide a means of gradually returning 
in some form or other to the power of the farmer the plant food which has 
been apparently destroyed. It is true that this return will probably not be to 
the locality where the waste originally occurred, and it may not take place until 
after the lapse of thousands of years, but this is of no consequence. Pro- 
vided arable lands in general receive in some way and at some time a certain 
return for the plant food removed, it is entirely immaterial whether this be the 
original plant fdod removed or other equally as good. 

The sea is the great sorting ground into which all this waste material Is 
poured. The roller processes of nature, like the mills of the gods, grind ex- 
ceedingly slow and small, and the sea becomes the bolting cloth by which the 
products of milling are sei)arated and sorted out. As soon as this waste mate- 
rial is poured into the sea, the process of sorting at once begins. The carbonate 
of lime becomes deposited in va^t layers, or by organic life is transformed into 
Immense coral formations or into shells. Phosj)horic acid Is likewise sifted out 
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into phosphatlc deposits or passes into the organic life of the sea. Even the 
potash, soluble as It is, becomes collected into mineral aggregates or passes 
into animal or vegetable growth. All these valiTuble materials are thus con- 
served and put into a shape in which they may be retunied sooner or later to 
the use of man. In the great cosmic economy there is no such thing as escape 
from usefulness of any valuable material. 

In these papers I did not take up the possibilities of increasing the 
food supply of plants by the action of le^iminous crops, nor by the 
modern method of producing nitric acia directly in merchantable 
quantities by electrical discharges through confined portions of air; 
nor did I naturally refer to the vast deposits of phosphates which 
have been discovered in this country since the date of the papers 
cited, or to the possibilities of increasing our quantities of potash 
through the direct utilization of felspar rich in that material. These 
matters, however, are of such importance in this connection as to 
merit their extensive consideration. 

EABLY STUDIES OF SOIL FEBTILITY AND EXHAUSTION. 

The exhaustion of the soil, to which reference has already been 
made, is a fact which was recognized and deplored by the earliest 
writers on agriculture in the United States. The methods of recuper- 
ating exhausted soil were also well understood in the early history of 
agriculture in this country, due to the fact that the methods used in 
old agricultural countries were well known by the immigrants. An 
essay was read before the Philadelphia Society for Promoting Agri- 
culture, on September 28, 178G, by Mr. George Morgan, of Princeton, 
N. J. This was in competition for one of the prizes offered for the 
best plan of arranging a farmyard. This essay was devoted largely 
to the methods of collecting and utilizing the manure. In speaking 
of the importance of collecting farm manure for its fermentation, 
he says: 

The earlier It Is done the better. But It must be piled so high as that the 
cattle can not mount on the heaps, and care taken to mix the rich earths, mud, 
and marl well with the dung and litter. And if, after the first heaps remain 
a fortnight or a month, they can be turned over, or two heaps be thrown Into 
one to occasion a new fermentation, the dung will be improved. When dung 
and litter are thrown into heaps without earth, they not only heat, but burn, 
and thereby suffer great injury In quality and quantity. After the heat has 
subsided the fermentation is over. If, when heaping your dung, lime can be 
procured, that is the time to add it in ns large a quantity as you can command ; 
but my situation Is too remote from limestone to have this benefit. 

By the time the whole Is' thus heaped, that first done will have undergone the 
proper degree of fermentation for carting out upon your Indian corn, potato, 
and turnip grounds, which I suppose to have been plowed twice or thrice. My 
aim is to si)read and plow in 40 loads of 20 bushels each per acre; and, witli 
the stock mentioned above, I can manure at this rate from 15 to 20 acres 
(according to the proportion of rich earths I cart in) every year. My calcula- 
tion is about 200 loads of marl or rich earth as a foundation for my barnyard. 
1 wish I could make it double that quantity. Gentlemen who have viewed my 
heaps of dung and my barnyard may form a judgment whether the quantity I 
mention is exaggerated. 

The objections made to my method by common farmers are the expense and 
trouble of It; yet they allow every load of my manure, without lime, to be 
worth half a dollar on the spot, whereas It does not cost me one-third of 
that sum. 

The attentive farmer need not be told to dig and wall a receptacle for the 
Juices of his barnyard and to pump them over his dung heaps or carry them 
onto his grass. He will recollect and practice every means of benefiting his 
manure. The best method of constructing such a receptacle Is particularly 
described and recommended by the agricultural society at Manchester. As I 
have not yet built one myself, I beg leave to refer to their directions^ , 
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The first premium granted by the society was for this essay, they 
having adjudged to Mr. George Morgan a gold medal, " The first 
premium granted by the society, as an evidence of the sense they 
entertained of the merit of his essay." 

One of the earliest experiments m this country in the rotation of 
crops was that conducted under the auspices of the Philadelphia 
Society for the Promotion of Agriculture, by a Jersey husbandman, 
and printed in the Columbian Ma^zine, April, 1787. The scheme 
for promoting the increase of crops is as follows : 

I have also laid out a field for a course of crops as practiced In England ; It 
contains 12 acres, laid out, but not fenced off, In 3 acres each. The last harvest 
It stood in rye, and this autumn it has been plowed deep — some of it trenched. 
The following course is intended: Lot No. 1, to be manured next spring and 
sowed with barley; when up, to be sowed with 12 pounds of clover per acre 
and rolled in. No. 2, oats. Nos. 3 and 4, to be fallowed. The succession will 
stand as follows: 



Year. No. 1. I No. 2. 



No. 3. 



No. 4. 



1786 1 Barley Oats Fallow Fallow. 

1787 ' Clover Barley Oats ' Wheat. 

1788 Wheat Clover Barley i Oats. 

1789 Oats Wheat Clover {Barley. 



And thus to continue in a succession of four crops, the stubbles always to be 
plowed up deep In the fall and laid in three-pace lands, and the barley land 
to be manured in the fall or spring before plowing and sowed with clover, as 
above. 

It would surprise an Euroi)ean to hear that the average produce of our wheat 
crops in this neighborhood is under 6 bushels; our farms are laid out In four 
or five fields, broken up with oats, corn, and a great deal of buckwheat; next " 
year fallowed; third year in winter grain; fourth year in grass, and some also 
the fifth year. This course leaves little i^sture till the stubbles and meadows 
are opened, by which little manure can be made. No wonder, then, that our 
crops are light with such constant tillage and scarce any help. The grain has 
not strength to stand the cold springs; much of it heaves out or is blown away 
with the March winds. 

It is evident from the above that the system of cropping at that 
period was such as to favor the production of very little manure, and 
thus to progressively exhaust the soils. 

The same author says further on : 

I am also convinced that deep plowing, If not trench plowing, will be advan- 
tageous in lands much worn out by tillage without help of manure. 

His further advice for improving worn-out soils Was : 

Besides breaking up in the fall, deep plowing and drilling, making composts 
of various materials, and green dressing with buckwheat should not be neglected ; 
also liming where convenient. 

In a work entitled "Arator," a series of agricultural essays, written 
by John Taylor, a citizen of Virginia, in 1813, it is stated, in speaking 
of the most effectual methods of fertilizing: 

Manures are mineral, vegetable, or atmospherical. Perhaps the two last may 
be resolvable into one. Mineral manures are local and hard of access. But 
the earth swims in atmosphere and inhales its refreshments. The vegetable 
world covers the earth and is the visible agent to which Its surface is Indebted 
for fertlU^. If the vast ocean of atmosphere is the treasury of vegetable 
food, vegetable manure is obviously inexhaustible. 

This early prophecy of the neutralization of the atmosphere as a 
source of plant food has been verified by the progi-ess of science, 
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which shows that the carbon dioxid with water and the nitrogen 
of the atmosphere are all abundantly used as sources of plant food. 
Again the author says: 

It Is yet a question whether the earth is enriched by any species of manure 
except the vegetable or atmospherical, and experiments have hitherto leaned 
toward the negative. Without new accessions of vegetable matter, successive 
heavy dressings with lime, gypsum, and even marl have been frequently feund 
to terminate In Impoverishment. Hence It Is inferred that minerals oi)erate as 
an excitement only to the manure furnished by the atmosphere. From this fact 
results the Impossibility of renovating an exhausted soli by resorting to fossils, 
which will expel the poor remnant of life, and, indeed, it is hardly probable 
that divine wisdom has lodged in the bowels of the earth manure necessary 
for its surface. 

The utility of red clover as a source of securing atmospheric fertili- 
zation was also fully recognized : 

To draw from the atmosphere the greatest quantity of manure, to check the 
loss the earth sustains from evaporation during the process by shade, to give 
the manure the most lasting form, and to deposit it in the most beneficial man- 
ner are primary objects of the inclosing system. 

The best agent Itnown to us for effecting the three first is the red clover. 
Its growth is rapid ; its quantity exceeds the product of any other grass ; it 
throws up a succession of stems in the same summer ; and these stems are more 
solid and lasting than those of other grasses. These successive growths con- 
stitute so many distinct drafts from the great treasury of atmospherical manure 
in one year. Whilst these drafts are repeated, the clover is daily securing the 
treasure, in a form able long to elude the robber evaporation, which it also 
opposes by shade. To Its extracting from the atmosphere the greatest quantity 
of manure and elaborating it into a lasting form the most suddenly of any other 
vegetable cover, clover lays for wheat are indebted for their fame. Their suc- 
cess has been attributed to the portion of the vegetable in a succulent state, 
whilst it was owimg to the greater portion which had arrived to maturity pre- 
vious to the fallow. To ascertain this fact, let one moiety of a clover field be 
turned in as soon as its first crop flowers, and the other after the stem of the 
last crop is hard, and the whole sown on one day in wheat 

The peculiar propensity of clover to be improved by a top dressing of the 
gypsum is another striking circumstance of its afilnity to the system for fertiliz- 
ing land by its own cover. As its growth is suddenly and vastly increased by 
this top dressing. It furnishes reason to believe that the effect flows from a dis- 
position communicated by the gypsum to the clover for imbibing atmospherical 
food by its external parts; and so much as It thus gains affords to the earth 
a double benefit. One, that this food, not being extracted from the stock of 
atmospherical manure possessed by the earth, does not Impoverish it ; the other, 
that being bestowed on the earth from whence it was not taken it adds to its 
fertility. 

In regard to the sources of artificial manure he states as follows : 

The most abundant sources for artificial manure in the most exhausted 
district of our country are the offal of Indian corn, the straw of small grain, 
and the dung of animals. We find in the two first proofs of the value of dry 
vegetables as a manure. If these few means for fertilizing the country were 
skillfully used, they would of themselves suffice to change Its state from ster- 
Uity to fruitfulness ; but they are so egreglously neglected or mismanaged that 
we hardly reap a tithe of their value. 

There is no farinaceous plant which furnishes so rich and so plentiful a crop 
as the Indian corn. It yields food in abundance for men, beast, and land. By 
the litter of Indian com and of small grain, and by penning cattle, managed with 
only an inferior degree of skill, in union with Inclosing, I will venture to affirm 
that a farm may in ten years be made to double its produce and in twenty to 
quadruple it; the ratio of its increased value is, of course, still greater. 

There is no other secret in the business than that none of these manures be 
wasted. The agriculturist who expects to reap good crops from neglecting his 
manures Is equally a fanatic with the religionist who expects heaven from 
neglecting his morals. 
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In regard to the combination of manures the author says : 

Gypsum, clover, and Inclosing, working in conjunction, have within my own 
knowledge doubled, trebled, and in a very favorable soil quadrupled the value 
of land in the space of twelve or fifteen years; whilst the land regularly pro- 
duced two exhaustive crops — ^those of com and wheat — in every four years of 
the period, and these crops were continually increasing. 

Of lime and marl we have an abundance, but experience does not entitle 
me to say anything of either. About a family, a variety of manures may be 
thrown together and form a small store for gardens and lots. Among these, 
ashes deserve particular attention. Like other manures, they suffer by ex- 
posure and evaporation, but less, because water is a menstruum which will con- 
vey much of their salts into the earth if they are spread ; the same menstruum 
conveys most of these salts out of the ashes if they are exposed to it before they 
are applied as a manure. Hence, when ashes have not been reduced by water 
in richness they are to be used as a manure more sparingly ; and when they have, 
more copiously. In their unreduced state Just from the chimney, when sprinkled 
an inch thick on the long litter and dung from a recently cleansed stable, they 
constitute the best manure I have ever tried for asparagus. The beds are well 
forked up in the fall, covered two or three inches deep with the unrotted stable 
manure on which the fresh ashes are placed, and so remain until they are 
thrown into proper order in the spring. 

The effect of tobacco on the land is graphically described by the 
author in the following words: 

Though its profit is small or nothing, its quality of starving eyerything exceeds 
that of any other crop. It starves the ejirth by producing but little litter, and 
It starves its cultivators by producing nothing to eat. Whatever plenty or 
splendor it may bestow on its owner, the soil it feeds on must necessarily l>ecome 
cadaverous and its cultivators squalid. Nor can it possibly diffuse over the 
face of the earth or the faces of its inhabitants the exuberance which flows 
from fertilization nor the happiness which flows from plenty. 

The first account I can find in this country of the use of marl as 
a fertilizer is in a letter read before the Philadelphia Society for 
Promoting Agriculture on December 9, 1806. The letter was written 
by Josiah Reeve, of Rancocas Creek, on the 20th of November, 1806. 
It is called a " new mineral manure for clover." Mr. Reeve describes 
the manure as follows: 

The black sulphuric substance by us called marl is found in great abimdance 
throiTgh most parts of the country in a northeast and southwest direction from 
the headwaters of Crosswlck's Creek, in Burlington County along on the upper 
part of nearly all the creeks from thence to the southern part of Gloucester 
County ; we find it in the banks of streams and in most places at the bottom of 
many of our wells, and it often spoils the water. On my farm and through our 
neighborhood it abounds near the surface in the meadows and generally in the 
banks or hillsides, about from 4 to 6 feet below the surface; the depth I can not, 
from exi>erience, say much al)out, but from the observations of others find it 
varies from to 15 feet and more. I have at thy request brought with me to 
the city for thy use a box of it, of which I wish thee or thy friends to make a 
chemical analysis. The result of my own and my neighbor's exjierience is that 
for grass lands about 10 two-horse loads to the aci*e— laid on the surface in 
the autumn — is better, if the next season proves moist, than double the quantity 
of any other manure and will last longer, changing in two years rough bound 
meadow into almost clear white and red clover; but the last dry summer it 
did very little good. I am in the practice of mixing in my barnyard or In the 
compost heiu) the marl with the dung, two loads of the former with one of 
the latter, and always find when put on my fallow that it is as good, or better, 
than the same quantity of dung alone, and much better for the clover that fol- 
lows, but in its crude or raw state does not do on gniin the first year, except 
for Indian com, which some say it helps by laying It on the tops of the hills in 
the spring. I put some in my manure for my garden and found It made the 
clover gi-ow among vegetables so spontaneously that we have had much trouble 
to destroy it ever since. 
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The above description shows an admirable use of the marl in com- 
posting with barnyard manure, and describes the general effects of 
this mari upon the soil in England, which is easfly recognized as 
descriptive of the same effects to-day. The use of mari or chalk has 
been practiced from the earliest antiquity in agriculture. In the 
north of France I saw a number of deep hollows in the otherwise 
level fields, and was told by the inhabitants that they were ancient 
marl beds which were used at the time of the occupancy of Gaul 
by the Romans. The utility of marl in restoring fertility of the 
soil consists largely in its neutralizing effects produced by tne decay 
of vegetable matter and by its mechanical effects in percolating clay, 
and thus rendering the soils more porous and spongy. Its efficacy 
in promoting the growth of clover, as was seen, was known by our 
farmers more than one hundred years ago. 

Another valuable article on the utilization of lime in the improve- 
ment of the soil is found in a letter read to the Philadelphia Society 
for Promoting Agriculture on December 8, 1807. The letter is so 
interesting that I give it in full: 

IMPBOVEMENT OF LAND. 

Chester County, yovember 20, 1807. 
Friend Vaughan : Agreeably to your request, I now inform you how I have 
Improved my farm. The first three years I could only keep 2 horses and 2 
cows, and seldom had more than 4 tons of hay, though the last six years I 
have grown from 20 to 25 tons a year. Had I taken your advice when I first 
took the farm, it would have thrown much in my way — that was, to use lime 
on my land. When I determined to try It, I first got 200 bushels and laid it 
on 9 acres, planted with Indian corn, and had as great a crop as had been 
ever seen growing. My neighbors came far and near to see It. The year after, 

1 made a fallow of the land, put in wheat on 3 acres and the rest In rye, and 
had a good crop. In the spring I sowed it with clover and timothy and put 

2 bushels of plaster of Paris on an acre, and had as great a crop of clover as 
could grow; it laid three weeks before the time of mowing. The lime and 
plaster did all this, for no land could be poorer before. There are 10 acres 
in the field, and not being used to spreading lime I laid it on 9 acres; where I 
laid no lime I got no clover, although I put on the plaster. I have limed all my 
land and plastered it every year, and never fail of clover. I think 2 bushels 
of plaster are enough on 1 acre. In one field I have put on 4 bushels on half 
and 2 on the other half, and I find no difference in the produce. There 
is another thing in which I was wrong In not taking your advice, viz, not 
keeping oxen instead of horses. This spring all my horses became sick, and I 
was forced to buy a pair of oxen. I supposed I should be tired of them, but, 
on the contrary, I am- tired of horses, as I find that with my 2 oxen I can do 
more work than I could with 4 horses, and with half the expense. I have 
worked horses for forty years, and If I had used oxen in their place they 
would have put £500 in my pocket. My oxen go to the limekiln once a week— 
21 miles — In the morning, and return the next day, in the afternoon; after 
resting two hours they go to work; horses can not do this. There Is another 
thing I find advantage in. I cut all my cornstalks and carry them to the 
barnyard for litter; when well trodden I cover them with lime and then a<l(1 
another layer, then more lime, and so on until all the stalks are used. In the 
spring the stalks are all rotted, and I have no trouble in turning them up. 
Last spring I had 176 loads of dung. The first three years if I had 20 or 2r» 
loads It was a great thing. My neighbors thought me crazy to buy lime and 
to be at such expense, but now they are all falling into the same way. 

I plow all my land In the autumn for com. and In the spring lay on the 
lime, plow It all over, harrow it down, and never am troubled with cutworms 
or weeds, I find the fall plowing Is a great advantage. 
Your affectionate friend, 

(Signed) William Abhford. 

John Vaughan, 

Afrmber Agric. Soc. Philad, 
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The secretaiy of the society adds some important comments on the 
letter, stating, among other things, that it is published " for the 
encouragement of those who live on worn and exhausted lands." 
Some of these claimed that they could not procure manure, that 
plaster was not sufficient, and that lime was expensive. An important 
point, however, is emphasized, viz, *' that the mixing of lime while 
the vegetable substances are putrefying is a mistake. It had better 
be put on the land, or if it must be mingled with the manure, let it 
be after the fermentation is over." This is in exact harmony with 
the present understanding of the fact that lime frees ammonia and 
thus produces a loss of valuable nitrogen. 

The advice given by the Philadelphia Society for Promoting Ag- 
riculture to farmers of worn-out land is so interesting that I give 
it in full : 

1. If no water be In your barnyard, dig a weU; and confine your stock from 
November to May, never permitting them to wander after water, or the prov- 
ender of the stalk field, in which they empty themselves and scatter their 
dung, instead of filling themselves, either for profit or economy. Let not a 
hoof unnecessarily leave your yard. 

2. Haul into the yard every putrescible substance you can get, and when 
proper, clean up the yard, and have a pen for your manure, both from the yard 
and stables, inaccessible to cattle or horses, whose poaching or treading pre- 
vents fermentation and Is highly injurious. Mix earth with your litter, rather 
than lime. 

3. Plow your fields in the fall 7 inches deep, but plow no more than you 
can manure, and let the rest lie waste till you can do it Justice. Buy lime; if 
you can not reach 2 acres be content with 1. Move your fences and plow up 
their sites. Mix leaves, weeds, and all putrefiable substances in long and low 
beds, so as to be turned by the plow and become excellent compost. For this 
purpose also go into your woods and with leaves and wood soil make beds of 
compost of these materials, as well as of the mold in low places into which it 
has washed or has been deposited by ponds of water or rains and floods. 

4. Lime your fall-plowed fallow with 40 bushels to the acre. Plant Indian 
corn ; put compost on the hills and plaster the com. 

5. After the com is gathered cut your stalks and haul them to your yard. 
Plow again for a winter fallow. Your plowing (except for seed) should never 
be less than 5 to 7 inches deep. 

6. In the spring harrow in buckwheat, to be rolled and plowed in when in 
full blossom with an East Jersey plow without a coulter, or any other that will 
not choke. 

7. Put on what dung you have made and plow it in with your seed. Tour 
compost will now be fit for top dressing your wheat, which is to be the crop 
of this year ; and sow no more than you can manure. 

8. On the wheat sow clover seed, and the succeeding spring plaster the 
clover. All this can be accomplished In two or three years. When you have 
perfectly leamed this alphabet you will get into habits that will enable you to 
teach Instead of requiring instruction. 

9. When your old fields have inert vegetable matter (as is the case with most 
old fields) plaster them to throw up pasture, and Increase your stock by this 
additional subsistence. 

10. Never sow in a foul or weedy fallow to save a plowing, or on a wet one 
to save time. Avoid oats and exhausting crops and never stubble in or let one 
chaffy-husked or culniiferous crop immediately follow another. 

11. Change your crops and destroy weeds, or they will destroy you ; turn a 
foe into a friend by turning them into manure. Explore your own and the 
neighboring farms for marl, clay, peat earths, or substances for experiments 
on your fields. Be not discouraged by failure, but persist in essays on a 
small scale till you succeed. 

The use of lime and its value in preserving and increasing fertility 
is further illustrated in an article m the Annals of Agriculture and 
Other Useful Arts, published by Arthur Young, London, volume 2, 
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1784. This is found in an account of a fortnight's tour in Kent and 
Essex, page 39 : 

The circumstauce In their hiisbandry most deserving attention Is the use of 
chalk as a manure. They bring It all from Maiden, at the distance of 6 miles; 
it is brought by sea from Kent, and a wagonload costs at the quay lOs. The 
method employed is this: The teams of five horses and a wagon and two men 
go out about 12 at night, load at Maiden, return, unload, bait, go again with the 
same wagon and horses and return and unload and all over by 1 o'clock at 
noon. This is, I think, the severest work I ever heard of; 24 miles with so 
heavy a load, twice to lie loaded and twice unloaded by the sjime men, yet It la 
here common; they reckon that every load costs in the whole 20s. They lay 
from five to eight on an acre, either upon a clover lay while feeding, or on a 
summer fallow; the effect exceeds anything I have met with; a very thin 
dressing of it is seen immediately to an inch, like rotten dung, and lasts 
twenty years; fifteen in great heart. Mr. Cott showed me from his garden a 
field of wheat hanging on the side of a hill at the distance of half a mile, one 
part of which was evidently much Inferior to the rest which was in general 
laid; that part was the only spot not chalked, the farmer not having time to 
finish the field ; he was present and confirmed the account. The same farmer 
(Mr. Parkinson, of Brackstead) having chalked a field, brought some in a cart 
as they returned from the field, and spread it thinly on one spot in a piece of 
poor, dry land; the whole was sown with turnips; during the whole season 
from their coming up that spot was to be seen at a great distance, and the 
roots were ftir larger than anywhere else. 

They think their lands will do nothing without chalk, insomuch that the 
whole country will, in a few years, have all been chalked. The soil on which 
It does such wonders is loam; they have very little clay and no sand. On 
gravels the effect is but slight; it is the good sound loam in which it answers 
like the richest dung. 

It is a general opinion among them that land which has once been chalked 
will not take it again, and this opinion seems to prevent the trial; they ac- 
knowledge, however, that mixed with earth and dung it is even then excellent. 
A very particular circumstance they have observed is that laying a slight dress- 
ing of chalk and earth or dung on a field never chalked will take so much 
effect that the same field will not then answer to Qhalk completely. Another re- 
mark they have also made is that the chalk presently gives the land a red 
color; so that a part of a fallow that has been chalked will, from the tinge, be 
discernible at a distance. 

Upon my asking Mr. Parkinson if they ever laid chalk upon meadows, he re- 
plied they did not require It, besides, they supposed it would do harm as they 
observe that It is a strong enemy to grazing; that is, to the ground covering 
itself with good grass. A field which before chalking will run of itself to a 
fine head of white clover no longer does it after chalking ; this is very remark- 
able, for one would suppose what is manure for com would be so to grass. 

The chalk is not soft, but rather hard; the sharpest frosts leave very many 
lumps unbroken, so that they break them with pickaxes ; and the hard bits that 
break to a clear white they say come from the bottom of the pit and are es- 
teemed better than the pieces which crumble between the fingers. I tried some 
pieces at Mr. CJott's in vinegar and water ; the effervescence with the former is 
pretty considerable, though not near equal to what I have seen ; but in water it 
falls very slowly, if at all. 

Some farmers have tried lime, and with great success, upon the soils proper 
for chalk; this is a fresh instance that the excellence of these manures much 
depends on the soil whereon they are laid ; on good loams they take full effect, 
but on poor lands they find nothing to work on. About Ensield the same chalk 
does wonders, which at North Mims has very little effect; the one is a rich 
loam, the other a poor gravel. 

An interesting account of air as a plant food is found in the 
Annals of Agriculture and Other Useful Arts, published by Arthur 
Young, London, 1786, volume 1. In this volume, on page 169 and 
following, is an account of some attempts to apply air as a manure 
to the soil : 

The theory which our great philosopher started, that phlogiston is the food 
of plants, appeared to me so important in the philosophy of agriculture that it 
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engaged my earnest attention. It has never been my conduct to abandon to 
speculation that which can be brought to the test of experiment. But a person 
in such retirement as I live in, without opportunity of communicating with 
practical chemists and philosophers, with smaller means of overcoming diffi- 
culties by force of large expenses, and without experience in the sciences neces- 
sary to pursue such inquiries, far from all other assistance; a person thus 
situated may feel very earnest desires to pursue a line of activity and vigor, 
and yet experience the mortifying conviction that, for want of better support, 
his wishes may be in vain and his efforts useless. Many of these feelings 
have been mine through this little beginning of my inquiries; imagining a 
multiplicity of experiments which I had not the power to execute. 

Being desirous of knowing what were the discoveries on which this theory 
was founded, I read the* five volumes of Doctor Priestley with attention, and 
also Doctor Ingenhouz's experiments on vegetation; and I was exceedingly 
surprised to find that, amidst a great career of experiments that may indeed 
be called a new world for the tbgenulty of mankind to range In, though the 
trials were numerous and decisive which prove the power of plants to Imbibe 
phlogiston from Impure atmospheric air, yet those which show it to be taken in 
as a pabulum or food are very rare. Even in the most remarkable of Doctor 
Priestley's, the willow plant thriving best In Inflammable air, an instance 
Is given In the same page of mint thriving much worse In It than In common 
air. And In a letter which I had the honor of receiving from him upon this 
subject, July 1, 1782, he expresses himself thus : " Though I have no doubt but 
that phlogiston Is the essence, as we may say, of the food both ot plants and 
animals, they are not capable of extracting It except from certain substauces 
and In certain circumstances; and phlogiston administered in any other 
way Infallibly kills both.'* The doctor means, I apprehend from other expres- 
sions In his correspondence, that the phlogiston must be given either ais the 
result of putrefaction api)lied to the roots, or else in air applied to the leaves, 
in which I entirely agree with him. The labors of that truly great man are 
almost universal ; a reach of sagacity, a depth of penetration, united with an 
ardor, and even enthusiasm. In pushing his researches with an unremitting 
industry that removes difficulties in the very moment of discovering them, 
would have left us nothing to wish In the present Inquiry had It been possible 
for one mind to bring to maturity the Ideas he has thrown out for the employ- 
ment of thousands. The variety of his pursuits has prevented so marked an 
application of his discoveries to my favorite art as might otherwise have hap- 
pily advanced It. 

If there are any experiments extant In which the express application of 
phlogiston, or of Inflaunnable air, to the roots of plants as a manure has been 
made I am ignorant of them. No such application, or even conjecture of 
the result, appears In any work that I have consulted; and yet It seemed 
to be the only method by which the question of that substance being the food 
of plants could possibly be decided. The effect of it on leaves, from the experi- 
ment of Doctor Igenhouz, seems rather to be an edulcoratlon of impure air 
for the puri>ose of making it salutary to the human body than necessarily 
beneficial to the growth of the plant. If this is not the exact result, I may at 
least observe that the doubt which arises might be very easily resolved by those 
who have the skill and apparatus necessary for such experiments. 

The leaves of a plant may perform the office of lungs in the body of an 
animal, and inflammable air may be as salutary to their Inhalation as dephlogis- 
ticated air Is In the respiration of animals; but It no more follows (however 
likely it may otherwise be) that phlogiston Is therefore their food than that 
pure air Is the food of man. 

Following this are records of a number of experiments, and the 
conclusions are given on page 184 and following: 

Many of the preceding experiments may, perhaps, be found to open the way 
toward a more consistent theory of vegetation than has yet been established. 
Had not inflammable air been tried the leading feature for selection would have 
been the effect of the volatile alkali, which is uniformly excellent and, as 
puti-efaction Is known In common practice to yield admirable manure. It might 
have been concluded, with great propriety, that the volatile alkali was the 
food of plants, a theory for several years the favorite deduction of my practice. 
But inflammable air having so decisive an effect, analyses, if I may use the 
expression, of that alkali show us to which of its parts we are to attribute 
the result, viz, phlogiston In a volatile state. 
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The volatility of the element seems esseitlal to Its action on vegetation for, 
In a fixed state, It appears to be attended with little or no effect, and In most 
cases with a mischievous one; for, though charcoal operates considerably as a 
manure, yet the white ashes of that body being almost uniformly superior to It 
will not permit us to attribute the effect to its phlogiston. We are rather to 
suppose that It operates mechanically in the manner of wood ashes. Pitch, 
tallow, red lead, sugar, and powdered flint are poisons; these substances abound 
greatly with phlogiston, but not in a volatile state. It is very remarkable that 
in the form of a liquid it is mischievous unless in the volatile alkali ; not only 
in spirits of wine, but in that most volatile liquid of all others, ether. Oil of 
every kind the same, and in general let it be mixed with what it may; a cir- 
cumstance the more remarkable, as a very ingenuous physician (Doctor Hunter, 
of New York), for whom no one has a greater respect than myself, actually 
fixed an oil rendered nilsclble with water as the food of plants. Keep that 
mixture, or any other substance in nature capable of putrefaction, till it is 
putrescent, and I have no doubt but you have the food of plants. Why? 
Because you then have phlogiston in a volatile state. 

Still, however, spirit of wine being so prejudicial, surprised me a good deal 
till I found it was generally considered as composed of an acid united with 
phlogiston. All the three mineral acids are uniformly i)olsonous to vegetation ; 
the acid is, therefore, prevalent enough in the spirit of wine to act in its usual 
manner. Sulphur also has always been a poison, though In some instances it 
has seemed to act for a short time as a stimulus. Fixed air proving in any case 
beneficial surprised me, for if the food of plants dei>ends on the volatility 
of phlogiston the result of putrefaction (which is the fact in nineteen Instances 
out of twenty) then every antiseptic ought to be pernicious (not to mention 
the proof Mr. Bewley gives of its being an acid). We must, however, remember 
that the benefit of It in the preceding trials is by no means so well ascertained 
as that of infiammable air. 

To discover facts hitherto unknown in science can hardly fail of being 
useful in the end, however deficient in that respect they may api)oar at first. 
The Inquiry is wortt the pursuit, though not immediately applicable to the 
practice of any art. But, in the present case, we can scarcely take a step that 
is not nearly connected with common agriculture. If phlogiston in a volatile 
state be the food of plants the farmer has a lesson of infinite imi>ortance to 
him; to acquire and cherish as much as possible the effects of putrefaction 
and consequently to manage his dunghills and other receptacles of manure 
in such a manner as to prevent the escape of the volatile principle generated 
by the putrescence. In this view the practice of fretiuently turning dung 
over, which is reckoned by some writers so very excellent, will, perhaps, be 
found after one stirring uniformly pernicious and tending only to let loose 
and dissipate in the atmosphere the essence wlilch would most contribute 
to the fertility of the fields. Without a certain degree of putrefaction the 
phlogiston will not be volatile; continued too long It will all fiy off. Con- 
sistent with this theory is an observation I make every year in my own farm- 
yard. I have a standing sheepfold, imrt covered and closed and part of it un- 
covered; the whole is littered equally, but one load of the dung in the covered 
part is worth two In the uncovered. When the carts go In to be loaded it stinks 
much more offensively and makes the men's eyes water that move it. This 
shows that the volatile alkali and phlogiston are retained and that the action 
of the sun and atmosphere is to carry them off. 

I wish much to have made some progress In deciding the effect of sunshine 
on soils, but, except the experiments on earth kept seven years excluded from 
both light and sunshine and also kept in a vault, I have not been able yet to 
execute the trials I have projected, though some of them are at present in 
course. Those were decidedly against the soil imbibing any food from the 
action of that luminary, and the whole range of common husbandry seems to 
speak the same language. Covering the soil with a thick, smothering crop of 
clover, tares, pease, etc., is found to enrich it far more than a summer fallow. 
Old meadow land receives very little of the sun's rays, and some woodlands 
none, yet these are the richest soils all over the world, because the putrescence 
of vegetable and animal matter impregnates them with volatile phlogiston. I 
can not conclude these experiments without admitting an Imperfection for want 
of more spirited and extensive trials (many of which I had planned), but the 
expenses necessary are beyond my ability, and no day passes without my re- 
gretting that Insufficiency for pursuing the hints that arise. *Time is precloua 
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Life flies fast away, and leaves one little more than wishes to execute what 
fortune forbids. I should be glad to try electricity by means of a machine 
constantly turning by wind or some other power. I want a very lofty conductor 
to bring down the electric fluid from the clouds, to impregnate certain re- 
cipient bodies, with and without plants growing in them. I wish — but wishes 
are vain and unworthy every philosopher ; experiment is his business ; we must 
content ourselves with doing the little in our power.' 

The question of lime was again considered in a communication 
read by John Lang to the Philadelphia Society for Promoting Agri- 
culture, on August 9, 1808, and published in the second volume of 
the Memoirs, page 1 and following: 

We have for some time past heard much talk about two varieties of lime, 
the one useful or favorable to the growth of vegetables, when used as a manure ; 
the other hurtful or pernicious, and therefore not to be used for that purpose ; 
the first is termed calcareous, the other magnesian lime. 

The first notice we have of this magnesian lime is from a communication of 
Mr. Tennant, published in the London Philosophical Transactions. 

This is doubtless a subject of great importance to farmers and, in my opin- 
ion, deserves to be more fuUy investigated. If all lime which contains magnesia 
is only useless as a manure, it must be of great importance to our farmers to 
be informed how they may be able to distinguish this from the calcareous lime ; 
but much more so if it is, as Mr. Tennant says, destructive to vegetation, and 
that it diminishes the fertility of the soil. The distinguishing characteristics of 
these two varieties of lime mentioned by Mr. Tennant, it would seem, can only 
be discovered either by analyzing (which process farmers are generally ignor- 
ant of) or by malting experiments by applying it to the soil. It is said that 
magnesian lime when used in too great quantities renders the soil less fertile, 
and wherever a heap of It has been left on one spot vegetation will be prevented 
for many years; while of the other sort of lime, a large quantity is never 
to be found injurious, and that the spots which are entirely covered with it 
become remarkably fertile instead of being rendered barren. 

From the above statement it would appear that by far the greatest propor- 
tion of all the limes used either in this country or in Europe are of the mag- 
nesian kind, or in other words must contain a certain proportion of magnesia. 
For my own part, I have never seen pure calcareous lime, unless that made 
from calcine<l shells may be denominated such; though I must own I am not 
chemist enough to be able to discover the magnesian lime, except by its effects 
upon the soil, as above described by Mr. Tennant and Doctor Darwin. The 
distinctions which some farmers make of hot and mild lime, Mr. Tennant be- 
lieves to mean magnesian and calcareous lime. And the Doctor says he is 
informed that the magnesian lime Is preferred in architecture, and is said to 
go further in making mortar, etc. If this is the case I think it will be admitted 
that all the lime used in the United States, either for building or manure, is 
of the hot or magnesian kind : as it is well known that the lime of this country 
is generally stronger and of course will go further in making mortar, or as a 
manure for land than English lime, \Vei*e our farmers In this country to dis- 
cover lime of so mild a quality that thistles and grass would grow up through 
the sides of the heaps of it, but at the same time it would require three loads 
of this lime to produce the same effects upon their land as two loads of the 
lime now in use, I think they would surely prefer the latter to the former. 
Our farmers know very well that wherever they lay their lime heaps every 
particle of grass or other vegetables will be destroyed; and that the spots on 
which It lay will not bear any crop for a year or two after, unless they are 
careful to remove it so clean that no more shall remain on these spots than the 
same proiwrtion which they spread over the rest of the field. They likewise 
know that If they should leave their lime heaps exposed to the Influence of the 
atmosphere, to successive frosts and thaws, rains and snows, etc., It would in 
time lKK»onie as mild as the calcareous lime destroyed by Mr. Tennant. But 
then It would be useless for mortar, and for land it would be like some medicines 
of which the chief recommendation is that If they do no good they will at least 
do no harm ; and for. that reason they commonly cover the heaps over with sods, 
or straw, etc., till the land Is prepared for putting It on. Our farmers likewise 
know that poor land will not bear so much lime as rich land, and that If they 
should by mistake over-lime their land, the succeodlng crops will rather be 
hurt than benetited by It; and In such cases there is no remedy but either to 
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give the field a dressing with dung or let It lay a year or two till the heat of 
the lime is partly given out, and then it will have its effect. From this I con- 
clude that lime must act as a stimulant, and that the quantity applied to the 
land ought to hear an exact proportion to the carbonic, or vegetable matters 
contained in the soil. It is well known that stimulants used in small quantities 
are In some cases very useful in the animal economy, but in great quantities 
they will destroy animal life. 

I would not by any means presume to call in ^^uestlon the results of Mr. 
Tennant's or Doctor Black's experiments; on the contrarj-, I am rather inclined 
to believe that all stone lime contains a greater or lesper proportion of magnesia ; 
but that the lime which contains the greatest proportion of that earth is totally 
unfit to be used on land as a manure, I think deserves a second consideration. 

Doctor Darwin observes that the substance called chalkstone is almost wholly 
magnesia ; now I know from experience that chalkstone land is the most kindly 
to all sorts of grain of any soil I am acquainted with, and will bear a longer 
succession of severe cropping before it Is exhausted. But perhaps It Is the 
process of calcination which gives to the magnesia that caustic quality which 
renders it so hurtful to vegetation, as Mr. Tennant found by his experiments, 
that 30 or 40 grains of lime did not retard the growth of seeds, more than 3 
or 4 of calcined magnesia. From which Doctor Darwin concludes that, as both 
injure vegetation in large quantities, they may both assist vegetation in small 
ones. 

Consistent with the doctor's remark I would just observe that there are many 
substances which make rich manures when used in small quantities; for in- 
stance, I have seen very great crops of barley got by sowing the land with 
pigeon's dung, as thin as we sow rye, and harrowing it in along with the seed 
barley ; whereas had it been put upon the land as thick, or half as thick, as we 
would put stable or barnyard dung, it would as effectually destroy all vegeta- 
tion as hot lime used to excess. The same remarks will apply to the dung of 
all kinds of domestic fowls, also to human dung and urine, so much valued in 
China. Common salt has often been recommended as a great assistant to the 
growth of vegetables when used In small quantities, whereas it Is well known 
that the excessive use of it will render land totally barren. 

It will be admitted on all hands that all animal and vegetable matters con- 
tained In the soil must undergo a decomposition by some means or other, so 
that being thereby reduced to such a state as to be easily soluble in water, they 
may be readily absorbed by the tender roots, by some termed the' mouths of 
plants. Thar the roots of plants naturally possess to a considerable degree the 
power of producing this decomposition, I have had occasion more than once to 
observe, in the case of planting potatoes with woolen rags instead of dung. 
I have seen fine crops of potatoes raised by dropi)ing a small piece of woolen 
rag, not larger than the hand, in the furrow along with every set of the potatoes 
when planted, and I have observed when the potatoes were gathered In the fall 
that. In every Instance where a potato plant had failed to vegetate, the rag was 
turned up entire, very little damaged by being buried under ground ; whereas, 
on the other hand, not the smallest vestige of the rags were to be seen in any 
part of the ground where the plants had succeeded and grown to perfection. 
Only I observed In some instances where the rag had been uncommonly large, 
a white moldlness upon the soil about the roots of such plants, which seemed 
to me an indication that more nutritious matter had been formed than could 
be absorbed by the roots. Besides I observed the palms or tops of such plants 
were always large and of luxurious growth, while the potatoes at the root were 
small and not fully ripe. 

But there are other animal and vegetable substances which require more 
powerful solvents to prepare them for the food of plants; such substances must 
be decomposed either by means of the putrid fermentation, or by the application 
of hot lime, etc. But while the putrid fermentation Is going on. it is exceed- 
ingly noxious to vegetation, as we may see by the bad effects of putrid or stag- 
nant water uyyon the roots of tender plants; while on the other hand, hot lime 
will check the progress of putrefaction, and at the same time very quickly effect 
the decomposition of various bodies; thereby preparing sweet and wholesome 
juices, whether they consist of carbon, phosphorus, oils, or alkali, or compounds 
of all or either of these. And I conceive If the lime meet with a sufficient 
quantity of such substances as It In this manner acts upon. It will, by mixing 
with such juices, thus prepared, be thereby deprived of its caustic quality in the 
same or somewhat similar manner to that whereby magnesia or chalk blunts, or 
sheaths, the points of the sharp particles of acids. But If the lime does not meet 
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with a sufficient quantity of carbonic or other matters In the soil to act upon, 
so that Its caustic quality may be completely overcome, then In such case it will 
act upon the tender roots of the growing plants, in the same manner as it acts 
upon grass or other vegetables when laid in heaps on the surface. And this is 
in my opinion the cause why lime in some instances is hurtful, instead of being 
beneficial to land. 

Upon the whole. I think instead of troubling our farmers about distinguishing 
the different qualities of magneslan and calcareous lime, It will be better to ad- 
vise them to use lime sparingly on poor land, and at the same time to use every 
exertion to increase their dung and compost heaps, whereby their land will be 
prepared for the application of lime, not only with safety, but great advantage. 

An interesting article on the improvement of soils is found on page 
187 of the Memoirs of the Philadelphia Society for Promoting Agri- 
culture, volume 2. The communication bears date of March 9, 1810: 

It is generally acknowledged that the best land may be reduced to sterility 
from an injudicious rotation of crops. It remains in a great measure to be 
proved, whether a farm, which from bad management had been rendered barren, 
can be restored to its pristine fertility, by a treatment, not beyond the reach 
of every farmer (nor without the farm) who possesses the land, free from in- 
cumbrances, which are nearly equal to the supposed value of his worn-out farm. 

When an inquirer examines the publications of those who have given the re- 
sults of their exi)eriments, it api)ears not only practicable, but easy ; frequently, 
however, some circumstance is not mentioned in the communication or some- 
thing not attended to by the reader who intends to make the same successful 
experiments, but fails, from the causes stated. 

The Rockland farm exhibited a subject for experiment, as it had not only 
boen reduced by cropping, but generally, became a common for every animal to 
tnke what remained of the scanty natural, but coarse, herbage; having read 
in various books the results of sowing plaister and clover, it was presumed that 
sowing plaister and clover would be the extent of the expenses required to fer- 
tilize the fields in a few years: a few exi)eriment8 proved that the plaister and 
clover seed were both lost, as no one could at any season of the year iK)int out 
what field or uiM>n what part of any field they had been deposited, unless where 
the briars and bushes had been eradicated. 

It should, however, have been mentioned that the soil was generally a cold 
or heavy clay, some blue, white, light brown, and a few spots of red clay, loaded 
with hard blu« stone and rocks, chiefiy quartz, mixed with iron and copi)er. 
Some of the experiments were made with plaister, others were made by top 
dressing with lime, at the rate of 25 to 30 bushels per acre; the lime was 
brought 20 or 25 miles from the kiln, and laid on the field at 25 cents per 
bushel ; it was formed into a bed of about half a foot thick and covered with 
earth, plowed and thrown over it, before it was slacked, that all the phosphoric 
principle disengaged by the water might be united with the earth which covered 
it: a heavy harrow was afterwards passed over it, so soon as the shell was 
reduced to powder; the bed of lime and earth was then frequently turned by 
the r>low and harrow until the whole assumed the appearance and smell of 
soapers' ashes, containing about 10 parts of common soil to 1 of lime. It was 
then carted and spread regularly over the field, and in every instance it gave 
a return of clo\'er equal to 10 loads of stable manure to the acre. The idea of 
mixing the lime and earth was suggested from spreading the refuse mortar of 
lime and sand gathered from about buildings and laid upon the field, the effect 
of which I observed was more immediate than any equal quantity of lime; 
though mixtures of lime and earth were equally so. In both cases the lime was 
completely pulverized, and the sand and earth broke up the communication 
of lime with lime, and the succeeding rains carried the fertilizing principle of 
the lime, as from a sieve, into the soil where it was spread; it completely 
divided the soil, rendering that oiien and warm, which before was compact 
and too cold for the roots »»f the grain to live in. 

The whole soil, which before felt dead under foot, became so elastic that 
persons of observation, by walking over the field in the night, distinctly told 
how far the lime and earth compost extended. The color of the soil was 
likewise changed into that of chocolate. 

These effects presented several ideas which had not occurred to me before, 
viz: That anything which would separate the particles of the soil and admit 
the air would render these cold and heavy clays warm and fertile; that the 
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free intercourse of air would carry off the acid. To meet this, plowing in the 
fall was adopted and found successful. One-half of a field six years ago was 
plowed in the winter, the other half plowed in the spring. That part which 
was plowed in the spring has never brought grain or grass equal to the other. 
It should have been observed that the field had not been plowed for upward of 
twenty years, and of course a great body of rubbish and roots were plowed in 
after the briar hook and grubbing hoe had smoothed the surface. Spreading 
of manure in the autumn from the compost bed has also been introduced with 
universal success, both upon grain and grass fields, the lye or salts of the 
manure being carried into the soil by the rains upon the breaking up of the 
frosts, which have in some measure prepared the soil to receive it High agri- 
cultural authorities, even bottomed on accurate observation, are opposed to the 
practice of spreading out manure in autumn. Amongst these we find the justly 
celebrated Lord Kaims, in his G^tleman Farmer, a work upon first principles, 
and deservedly of the highest authority. A departure from his Judgment is 
only to be allowed where facts would censure silence ; nor should his name have 
been mentioned unless to avoid the charge of writing without attending to 
what has he&a. said on that subject. It is no conclusive objection that '*the 
strength of the manures will be carried off by winter rains or exhausted by 
the frost'* Are not the warm showers more so, and are not the exhalations 
more copious in a warm than in a cold temperature? Is the descending of the 
sap in trees no monitor as to the season for spreading out manures, and about 
the operation of nature for renewing and invigorating the process of 
vegetation? 

Briar bushes and all vegetable substances have been covered up with earth, 
rotted, and used with the same success as stable manure, and so far and so 
long as they separate parts of the soil and admit the air they fertilize and 
change the color of the mold. These experiments, tested by frequent repetition, 
have laid a foundation for experiments less expensive and equally fertilizing 
for the production of grass and grain. Plowing and sowing for the purpose of 
producing pasture and accumulation of vegetable soil have been adopted. For 
this purpose wheat, rye, Indian com (maize), buckwheat, and oats have been 
sown upon fields plowed, which were incapable of producing any crop. None 
of those grains have produced pasture and vegetable soil equally valuable to 
that from the oats. Where the others have failed its roots have pierced, dis- 
armed, and vanquished the inhospitable soil and rendered it fertile. The 
winter plowing is continued and the oats are thrown in as early as the season 
will allow, sometimes even in February, either upon what has been plowed in 
autumn or in the fields which were in com the preceding year or in pasture 
oats the preceding fall. In general they afford early pasture, and when they 
are replowed in July and August and sown again with oats they furnish excel- 
lent pasture from early in September until late in December, during that season 
when all other pasture is generally dried up. The first sowing of oats only 
gives about two months' pasture, but the roots and remaining herbage afford 
a manure for the second sowing, and this always yields four months' valuable 
pasture, which no other course known to me will afford. In September, Octo- 
ber, November, and December considerable attention is required to preserve 
the young clover which the field will be able to raise in the second year of 
the oat pasture. If sown with the oats in the spring, the cattle should never 
be put in while the ground is too moist as they would destroy and tread it 
into the soil ; and sometimes dry seasons are also highly injurious to the clover. 
When the clover is sown with the second sowing of oats the same care is re- 
quired to prevent its being trodden in by the live stock. For this purpose it 
is always necessary to have a spare field of old pasture, which they will feed 
upon in wet weather and which they would not relish in dry weather. To guard 
against a dry season it is most proper never to pasture the oats where the 
clOTer is sown so much as to prevent the herbage of the oats from giving shade 
to the clover. So soon as a field will produce clover luxuriantly, there is no 
farmer at a loss how to make his field as rich as he pleases, and having got 
them into good heart it will be to his interest to put them in such rotation as 
shall increase the vegetable soil and consequent fertility of his fields. 

It is almost unnecessary to mention what will make its way to the under- 
standing of every farmer, viz, the many advantages gained from treating his 
barren field in this way. 

1. Early and late sweet pasture from such fields which otherwise produced 
a scanty, coarse herbage unpalatable to every animal. 

72539— S. Doc. 676, 60-2. vol 3 ^10 
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2. Immediate reward for his labor; the stock are supported by It within 
two months from the time seed is sown ; the two returns give six months' green 
food; he is not, however, to depend upon it for all his summer pasture. 

8. Perhaps it is one of the most effectual means to root out garlic, because 
what have escaped the plow in the spring are eaten down with the pasture 
from the first sowing of oats and proventeil from going into seed; the plowing in 
July and August expose so many of its bulbs to the sun that few shoots are 
to be found In oats sown for fall pasture. 

4. It is an easy and profitable way of clearing grain fields from every 
species of injurious weeds, as it will convert them Into vegetable soil and 
enable the farmer to raise whatever grain or grass he shall judge most suit- 
able to the soil. 

5. It will save the expense of a fruitless summer fallow, and the green 
herbage will aid the dairy. 

6. It enriches the farm from within Itself, and no expense is required 
beyond the reach of any farmer; by rising one hour earlier, and working one 
hour later than usual, for two weeks, he may plow and sow 2 acres, as an 
experiment. The pasture will recomi)ense his labor, while his soil Is greatly 
improved; it is equally evident that the fertility of the soil is acquired partly 
from the roots of the oats opening the soil and introducing the air and warmth 
of the sun and partly from accession of vegetable soil produced from the de- 
composed roots of such pasturage; but even before the roots are converted into 
soil they produce the most beneficial efl'ects. Those from the spring sowing 
retain the moisture and supply the summer sowing with it. The roots from the 
fall pasturage, being full of sap, introduce winter frosts everywhere into the 
soil, which, swelling with the congealation, separates the particles; for it is 
to be observed that roots, while the stem is eaten down by the stalk, do not 
become hard, but are more numerous than when the plant is matured into 
grain. It is however necessary to sow at least double the quantity of seed 
to that required for crops of grain, the pasture being so much the thicker and 
the increase of vegetable soil from the decayed roots so much the greater. 

It is not to be expected that one or two repetitions of the series of oat pas- 
ture will make the soil equally rich as a common dressing of stable manure, 
which from a farm of 100 acres will not in general extend over more than 10 
or 15 acres; this gives to one acre nearly the vegetable soil produced from 7 
or 10 acres. It is to be remembered that the object proposed was to render* 
worn-out or barren fields productive; and in no case have I found a field 
which was not after two years, oat pasture capable of producing clover and 
receiving the gypsum with evident advantage. So soon as a field produces 
clover no one is at a loss how to produce advantageous crops afterwards. It 
is in every one's power to estimate what the plowing and seeding per acre of 
oat pasture with cost, and, according to circumstances, so will the expenses be, 
but in general where the expenses are high, the value of the pasture is equally ' 
80, and if even granted that the cost of plowing and seeding shall be double in 
value to the pasture produced let the comparative value of the field be fairly 
estimated before the course was begun — a waste or worn-out field — and what It 
is now, when the course Is completed and laid down In clover, timothy, or 
orchard grasa 

It will be of the first importance to have at least two fields, otherwise if the 
cattle are constantly upon the same field It will not be found so productive, and 
in wet weather they should be turned Into some field where the herbage was 
too hard in dry weather. It will be eaten greedily by the cattle after they have 
been satiated with the soft blades of the oats ; under this management, beeves 
have been fatted for family use and taken off In December without any grain. 
It is observed that the oats scour at first, but the free use of salt readily cor- 
rects the complaint, and In no pasture do they rise faster In fiesh, and the 
Juices of their meat are uncommonly grateful. 

The fields which have been in corn the preceding year have also been sown 
in the spring without being replowed, and Iimvo done equally well, except upon 
heavy clays, when the si)ring has commenced with heavy rains which have 
rendered the soil too compact to be oi)ened, even with a heavy brake harrow, 
drawn by four horst^s. The fields from the oat pasture the foregoing autumn 
have also been sown without replowlng, when the spring has s(»t in without 
much rain, after seven* frost; not only the oat pasture but also the clover 
sown therewith have answered well. 

Oats have also been sown among the hills and drills of com after it has 
received the last dressing. It has succeeded, without any visible Injury to the 
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corn, provided care has been taken not to Injure the roots by the plow or har- 
row at the time the oats were sown. 

It has been inquired. Are not all crops of oats exhausting? If so, how can 
two sowings of oats in the same year render the soil fertile? It is granted if 
oats shall be matured into seed they will certainly exhaust, but if cut off 
while in the blade they and all culmiferous plants will fertilize. The experi- 
ment was made with Indian com, sown broadcast, cut twice, and carried to 
the stable, and a crop of turnips taken off the ground the same season; the 
manure was laid on before the corn was sown, but none was given when the 
turnip seed was put in. 

Another way in which oats fertilize appears to be from increase of vegetable 
soil. This is within the view of every observer. The remains of the pasture 
plowed in, particularly in July and August, is speedily decomposed, its ten- 
derness and moisture aiding the dissolution. But dry stubble and husky roots 
are difficultly decomposed, nor do they produce so much carbonic or coally 
matter In the soli, which chemists say decomposes the water and produces the 
air required to promote vegetation. As the vegetable Is produced from air and 
water, and not from earth, which seems to be no more than the lalx>ratory 
where the process of vegetation commences, and finally serves as a matrix to 
hold one part of the plant while the other parts are raised aloft in quest of 
superior aid to complete the inscrutable operations of the vegetable fabric. 

It has also been inquired. Will this process of oat pasture fertilize every- 
where? It is answered that where the soil and climate are the same the 
effects will be the same also. A description has been given of the soils where 
the experiments were made and are still going on. If exi)eriments of the 
same nature shall be made upon a different soil and climate the result will 
be different, and more or less favorable, according to circumstances, and for 
which the practice now mentioned can not in justice be rendered accountable. 
If my shoe fits my foot I am warranted to s;iy it will suit a foot of the same 
size and shape everywhere; let no one conclude that it will fit a foot of larger 
or less size or different form; but I must confess that passing over things 
eqaally obvions I have run into numerous and expensive errors. 

But when it is inquired upon what evidence it is to be received, the reply 
is at hand; living evidences are at the command of everyone who chooses to 
make the trial ; let him, however, be on his guard against suffering himself to 
take a crop in place of the spring pasture oats. 

If It shall still be inquired, How does the oat pasture fertilize? It may be 
also observed that the constant verdure and green herbage prevent the rays 
of the sun from parching the soil and depriving it of its moisture and air, both 
of which are highly necessary to vegetation. The double portion of juicy vege- 
table matter arising from the two crops of pasture in the same summer being 
everywhere united with the common soil, partly mechanically and partly 
chemically, renders the soil capable of retaining snfticient moisture and elastic 
air to make It open and warm, and by which the soil does not only become 
thicker by going downward, but actually expands or rises so as to give a fur- 
row, considerably deeper than formerly, over immovable rocks. Some years 
ago a field In view of the farmhouse marked the broad rocks during the course 
of every crop; they are now covered with so much soil that they are seldom 
observed. The two plowlngs also contribute to the increase of the air in the 
soil, without which no soil can be fruitful, there being no vegetation in vacuo. 
Tull's horse-hoeing husbandry was introduced under the idea that the pabulum 
of plants was pulverized earth. The fact daily before us Is that pulverized 
earth retains the moisture and air as the handmaids of vegetation. Some ex- 
periments have lately been made the results of which favor these remarks, viz, 
"that soils afforded quantities of air by distillation somewhat correspond to the 
ratios of their values." 

An article on the best method of reclaiming worn-out land was con- 
tributed by John Lang to the same society on December 12, 1810, and 
(mblished in the second volume of the Memoirs, page 299, and fol- 
owing: 

I conceive It a duty I owe the society to communicate through you the result 
of some experiments which I had set about for the purfKi.se of ascertaining the 
best means of reclaiming old worn-out land. I had fondly listened to the method 
proposed by some, of Improving with clover and plaster, without the use of 
lime, and determined to try It The field which I pitched upon for my experl- 
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ments contains about 14 acres ; It had been cleared about fifty-three or fifty-foar 
years ago and continued In constant cnltivatlon for upward of thirty years 
without manure of any kind. Some old people now living say that they have 
seen as good crops of wheat cut from it as ever they saw; but It was liept 
in cultivation till the produce would no longer pay for the labor, and has been 
thrown out a common for more than twenty years, till I fenced It in. I had 
the whole of the field plowed early In the spring of 1808. In the month of May 
one part of it was plowed again, and sown with buckwheat ; this buckwhfat was 
plowed in when in blossom and the land sown with buckwheat a second time, 
which was likewise plowed In and sowed with rye. 

The other part of the field was limed at the rate of 25 bushels to the acre and 
planted with corn. The lime which I used was of the hot kind, from a quarry 
which is generally approved of for land in those parts; makes very strong mor- 
tar for building, but is not used for plastering, being granulated and not very 
white. I suppose it to be similar to that described by Doctor Darwin, which he 
supposes to have been primitive lime, broken down by the action of water and 
petrified a second time, which he thinks is the strongest lime. 

The following summer was very dry, which, together with the heat of the 
lime, I supposed to be the cause why the com became stunted and produced 
almost nothing. In the spring of 1809 the land was plowed and sowed with 
oats and clover ; the other part of the field which was now in rye was likewise 
sowed with clover at the same time, and as soon as the clover began to appear 
above ground the whole field was sowed with plaster. 

At harvest the oats was a very good crop, the rye was tall and well eared, but 
rather thin ; perhaps it was owing to this circumstance that the clover among the 
rye looked better and more plentiful than that among the oats. I had not seen it 
until Wednesday the 4th instant, when I found that part of the field which had 
been limed closely covered with fine clover, whereas on that part which was not 
limed almost the whole of it had perished last winter, and what plants remained 
were weak and sickly, and abundance of wood grass beginning to appear, with 
which the field used to be almost covered while it lay a common ; whereas not 
one plant of it is to be seen on that part which was limed. From this I con- 
cluded that if the system of improving with clover and plaster without lime 
should succeed In the end, it must be by a number of repetitions of the same 
process, which would require time and labor equal to if not exceeding the ex- 
pense of lime, and the result uncertain. I therefore ordered that the part of the 
field which had not been previously limed should be limed as soon as possible, 
twice plowed, and sown with rye and clover next spring. 

It was the opinion of the man who farms for me, as well as of others who 
made observations, that I missed it by planting com with the lime; that if I 
had sown oats and clover the first spring, I would have had a profitable crop, 
besides gaining a year by my improvement, which was lost by the failure of the 
com crop and part of the strength of the lime exhausted to no purpose. I am 
fully aware of the objection which some have to oats as an exhausting crop, 
and therefor^ ill calculated for advancing the improvement of worn-out lands. 
At the same time that I disapprove of the absurd practice of some farmers of 
sowing oats and buckwheat, year after year, as the worst of all rotations, I 
am convinced from long experience that an occasional crop of oats Is no more 
exhausting than wheat, rye, or com ; that It is an excellent nurse for clover, a 
profitable crop for the farmer, and the straw good fodder or litter, without 
which he can not get much dung, the value of which is not sufficiently appre- 
ciated by many of our farmers. Every kind of grain which ripens Its seed is 
an exhauster ; even clover, which is the most ameliorating crop which we know, 
if it Is but a moderate crop and left standing until Its seed is full ripe, Instead 
of improving, will be found to exhaust the land. 

Before I conclude I must take some notice of the mild lime which I men- 
tioned In a note at the bottom of page 8. I then supposed the mild lime above 
mentioned to be the property of Mr. Bamitt, of Marlborough Township, but 
when I was with my friend, Mr. John Mills, on the 4th instant, he told me 
that Mr. Bamltt's lime is the hottest and strongest lime in that neighborhood, 
that the lime which I alluded to is the property of Mr. Baker, of Newlin Town- 
ship. The two limes are not more than 2 or at most 3 miles apart ; Mr. Mills's 
farm lays nearly in the center between the two, and he occasionally uses both. 
He says that it requires 130 bushels of the mild lime to go as far on land as 
100 bushels of the hot lime, that the mild lime is In Its effects on land somewhat 
similar to that of dung, as it gives out Its strengh to the first crop, but In one 
or two crops more it is all gone; whereas, though the hot lime sometimes 
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Instead of helping rather injures the first crop, its good effects continue for 
many years. He showed me a clover field, one part of which had been manured 
with Mr. Bamltt*s hot lime and the other wiUi Mr. Baker's mild lime. I 
observed tliat wherever a heap of the hot lime had lain not a blade of vegeta- 
tion of any kind had appeared, though Mr. Mills told me that every particle 
of it was shoveled off as clean as possible; but on that part of the field where 
the mild lime was put no such effects were produced. He told me further that 
the grain was best on that part where the mild lime was put, but the clover 
is greatly superior on the other part (it was all plastered alike), and I have no 
doubt that the succeeding crops will evince a decided preference in favor of 
the hot lime. I expect to procure specimens of both the above limes for the 
purpose of having them analyzed. 

A very extensive examination of the use of gypsum as a fertilizer 
is also found in this volume. The article was prepared in 1797 and 
dedicated to George Washington, President of the United States, 
in the following language (page IX) : 

Sib: The following collection on the subject of the agricultural properties 
and uses of the gypsum, having been undertaken by me at your desire, I have 
thought there was a propriety in presenting it to you. However unimportant 
other parts may be, those which contain practical results I flatter myself 
will be useful. 

I have had frequent occasions of knowing that the encouragement of agri- 
cultural improvement and information is among the ftivorite wishes of your 
heart. It is on this account and not with a design to give it an undue impor- 
tance by placing it under your notice that I have been induced to inscribe to 
you this publication. 

It Is peculiarly consolatory when we can draw any portion of our comfort 
from our misfortunes. Your retirement from public life will afford you leisure 
and opportunities, by your patronage and example, to promote the interests 
of agriculture. Some compensation will thereiiy be afforded us for the loss 
w§ shall sustain by your resigning the helm at which you have so long, so 
wisely, and so safely steered our political barque. 

Long may uninterrupted health, that first of blessings, enable you to enjoy 
the splendid evening of a life so much devoted to your country as to have been 
but little dedicated to yourself. And that you may be as happy as you have 
been eminently instrumental in making millions of your fellow-citizens Is my 
sincere and ardent prayer. 

I have the honor to be, with the most true and respectful esteem. 
Your obedient servant, 

RiCHABD PeTEES. 

January 3, 1797. 

In the preface to this article is a strong argument for the estab- 
lishment of a department of agriculture, page IX : 

And yet the greatest improvements in husbandry have been either suggested 
or made by those who were not professional farmers. If pecuniary assistance 
should be required out of the public funds it should be afforded. A cent 
expended, with propriety, to aid and reward genius and industry in pursuing 
agricultural experiments and researches will add an eagle to the public stock. 
This is applying nourishment to the root of the public prosperity. 

Were It without example it would be surprising that legislatures, consisting 
for the most part of farmers, have done so little for the encouragement of a 
profession which Is calculated, above all others, to produce additions to the 
common mass of property by creating countless supplies drawn from the earth. 

In England the establishment of a board of agriculture under the patronage 
and pecuniary encouragement of the legislature is recent, but its advantages 
are Incalculable. 

In France agriculture is accounted, as It really Is In all countries, the basis 
of public and private wealth and prosperity. Its patronage and encouragement 
are placed among the first objects of public attention, and radically interwoven 
with the principles and system of their national policy and government. Per- 
haps the period is not distant when the public mind here will be turned to this 
subject Nothing will then be wanting toward the accomplishment of every- 
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thing wished for by the friends to this important and invaluable art. They 
have received the highest gratification, and must conceive the strongest hopes 
by observing this subject recommended to the attention of Congress by the 
President, who has constantly mingleci with his other patriotic solicitudes an 
unabating desire to forward agricultural inquiry and improvement. 

On page XV he says further : 

I indulge a hope that men of chemical and philosophical knowledge will be 
induced further to examine and analyze this powerful substance, with a view 
more accurately to discover its agricultural properties and the causes of its 
operation on plants. The farmer, when taught by their discoveries and experi- 
ments, will be enabled to render this manure still more valuable by the most 
judicious modes of application. It will then be felt by the cultivators of our 
soil that s<*lence essentially promotes their interests and happiness. A practical 
conviction of the advantages d<n'ived from It will urge them to afford to literary 
establishments and men of useful learning the public and individual support they 
so justly merit. 

The question of what is plant food was debated more than a hun- 
dred years ago, since it is said on pnge 93 of this article: 

Nothing has evidenced a greater diversity of opinion among the most eminent 
men than the question " What is the food of plants? " Nor do they agree al)out 
the nature of the air contained in vegetables. Some assert it Is mere atmos- 
pheric air changed, or liable so to be, into fixed, by el)ullition — phlogistic, by 
fermentation — or dephloglsticated by the sun, the light whereof operates a 
chanir<» in this air not productnl in plants in the shade. Of what nature or 
spt'cies is the air contained in plaster; or whether this substance operates by 
its powers of attracting or retaining moisture, and decomposing, preparing, and 
communicating to plniils tin* air the fittest for their nourishment, must be 
decided l)y others than practical farmers, to whom profitable elTects are more 
important than the most learned and ingenious theories. 

In an address by Doctor Mease before the Philadelphia Society 
for Promoting Agriculture, January 14, 1817, it is stated, on page 
XVT of volume 4 of the Memoirs of this Society: 

I state with pleasure that I have recehed information from a corresix>ndent 
in Maryland of the discovery of large IumIs of alluvial deposits in Kent and 
Queen Anne counties similar to some of those found in various parts of west 
New Jersey, the utility of which as a manure in the sandy or light soils of 
that district you all know has been found, when cautiously used, to be very 
great ; and I have no doubt that future researches in the peninsula, between 
the Delaware and Chesai>eake, and indeed in every part of the tract constitut- 
ing the ancient seacoast of our country, will discover similar deiK)sits. The 
fertilizing pro[>erties of those substances can not fall of proving highly bene- 
ficial to the land in their vicinity; but I must caution tliose within whose 
reach tlicy are not to dc|><'ud (Mitirely uiKin them for restoring the exhausted 
state of tlu» s<ul: for. allliou^'h independently of the good effects known to be 
derived from the njcre circunistjMice of the stimulus given to i)lant8 by the new 
earth in which th< \v srow, consid inhle advantage will follow the decomi>osition 
of seashells and (»tljer animal remains with which they are mlxt»d; yet if suc- 
cessive and exhausting crops are taken from land dressed with the new sub- 
stances; if part of the increased produce be not apiilicd to the feetUng of stock 
in the barnyard, and the manure thus obtained be not used to give body and 
life to tlie stimulated soil, their exixH'tations of the treasure now dreamini of 
from the use of tliusi' s l.sian« cs will certainly not he realized. But the addi- 
tion alone of manure wlil not answer all the desired end of the husbandman; 
the earth will si kiMi even of ni;iniu-e; rotations of green fertilizing or covering 
crops are indispensably niM-essary to recover the earth from the exhausting 
ctlects of an uninterrupted cultivation of t(»l)acco and grain, or of any one crop. 
This Is not mere theory ; the experience of every judicious farmer or cultivator 
in rennsylvania will supi>ort me in tlie propriety of this injunction. 

A most interesting contribution to the subject of reclaiming the 
fertility of worn lauds is in a paper by Mr. Richard Peters to the 
Philadelphia Society for Promoting Agriculture, on March 5, 1817. 
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Among the methods considered, Mr. Peters speaks of the farm- 
yard so constructed as to save all the dung and urine; the value of 
fall plowing; the use of lime; the proper time of plowing in stable 
and yard manure ; of deep plowing ; of change of crops ; the use of 
plaster; the value of orcnard grass; explorations for refuse to be 
used as manures; the collection of summer dung; selection and 
chan^ of seed on soil; the operation of fire on soils; ditching and 
drainmg; the utility of agricultural societies; habits of industry 
and sobriety, savings banks, and friendlv and benefit societies are 
also discussed. In this paper, on page XXXIII, there is an inter- 
esting account of the effects of fire on soils. It reads as follows : 

The eflPects of fire on soils are weU known in foreign countries to he salu- 
tary, and here proofs are not deficient. Various modes in which It has been 
applied are to be found in European books. When carried to excess it is, like 
all good things abused, no doubt injurious. Nor would anyone wish to destroy 
the inestimable vegetable matter of a sod capable of l)eing completely decayed 
so as not to vegetate, for this would be unnecessarily wasting the means of 
restoring fertility by the cooperation (with this inert vegetable matter) of 
manures or materials for the food of plants in the earth or in the atmosphere. 
But where bulbs or other pests are otherwise indestructible, or the substratum 
be clay proper for burning into highly fertilized manure, there can be no rea- 
sonable objection to the application of fire. Denshiring or burnbaking is de- 
8cril)ed in agricultural books, wherein its benefits are develoi)ed and the im- 
proi)er use of It pointed out. Burnt clay has been long known to be fertilizing, 
and so are the ashes of peat and turf. lOven burning brush and straw on 
fields is proved to be almost incredibly fertilizing and productive. Burning the 
foul cover of wild grass and weeds before plowing for Indian corn, even in the 
spring, has, in frequent instances, destroyed the grub or the eggs of Its parent 
In wliat manner heat operates on soils is not essential, nor is the inquiry 
whether the effect be produced by the ashes or the mere application of fire. 
The facts are well ascertained, and that is enough for all practical purposes. 
Some soils may be less benefited than others, and with some burning may 
entirely disagree. Whatever may be the theory of or prejudices against this 
operation, it behooves us at least to try, if even on a small scale, a practice 
which has the approbation of eminent and successful practical and scientific 
agriculturists In Europe. And in this, as In every other operation, a farmer 
should know and calculate on the nature of his own soil, and thereby Judge 
of the expediency and propriety of any practice. 

As one means of improving the land the farmer is urged to read 
literature which will be useful in that direction. On page XLIT 
Mr. Peters says : 

Read and do not slight either foreign or domestic books of reputation for 
principles and practice on ajiricultural subjects. CI i mutes may and do differ, 
but principles are Invariably the same. If you have, as you ought, a de- 
sire to be well acquainted with your art, gain some knowledge of subjects 
elucidating Its principles, and j>articularly of chemistry, as connected with 
agriculture, althouj^h you ncvd not aim at being a i>erfoct chemist, nor qualify 
yourself as a disputant on thet»ries and vain and unprofitable discussions which 
produce no beneficial results, but, on the contrary, bewilder those to whom 
information of plain principles and facts and practical lessons are the most 
necessary. 

Home's Principles of Vegetation, Darwin's Phytologia, Hunter's Georglcal 
E.ssays, Anderson's Essays, Lord Dundonalds' Connexion of Agriculture with 
Chemistry, Davy's Agricultural Chemistry are among the books, giving a gen- 
eral view of principles, and books of practice you can obtain at pleasure. The 
former you can use as lawyers read Blackstone's Commentaries, and the latter 
as they apply to reports for detailed and practical information. 

In regard to the prevailing habit of giving distilled spirits to 
laborers, it is stated on page 50 : 

Associations should be formed to moderate, if it can not be totally abolished, 
the custom of dealing out to laborers ardent spirits — the most dangerous and 
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destructive foes to the peace of a community and to the prosperity and happi- 
ness of individuals afflicted by a propensity to use them incontinently. Those 
who furnish the means of destruction are equally culpable with those who perish 
under their enticements. 

An interesting book respecting the fertility of land is that written 
by Prof. Isaac rhillips Koberts, edited by L. H. Bailey, of Cornell 
university, entitled "The Fertility of the Land." In this work Pro- 
fessor Roberts takes up the problem of preserving and increasing the 
fertility of the soil. He defines the term " fertility " as commonly 
used in a special sense, meaning an abundance of nitrogen, phosphoric 
acid, and potash, but its true meaning is productive power. He states 
that land may contain any quantity of plant food in an inert state — 
that is, in a condition unsusceptible to plants, and yet. be sterile, 
whereas it may contain only a limited amount of plant lood, and it 
that is available for the use of a plant it will be a fertile soiL He 
shows by analytical data that even poorer soils have an abimdance of 
plant food, sufficient for several crops if it could all be utilized, while 
the richer soils in some cases have sufficient for two hundred or three 
hundred crops of wheat or maize. He says on page 19 : 

This vast store of plant food is the farmer's stocb: in trade, the bank upon 
which he may draw. Its value can never be accurately determined, since a part 
of the plant food is not available, and since the power of the plant to secure 
that which is available depends upon many conditions, such as the correct prep- 
aration of the land, the kind of crops raised, the relative amounts of the various 
required constituents, and the amount of moisture present 

Again on page 82 he says: 

Since the soil and the subsoil contain such stores of potential fertility, and 
since tap-rooted leguminous plants bring to the surface abundant quantities of 
nitrogen with some mineral matter, and since many fields receive applications 
of farm manure from time to time, some far-reaching cause or causes must be 
present ever tending to seriously restrict production. It will be found that in 
this country the principal causes of low yields of farm crops are imperfect prep- 
aration of the land, poor tillage and hence a lack of available plant food, and 
insufQcient moisture during some portion of the plant's life. 

Professor Roberts in his book discusses the best method of tillage, 
the best means of preserving and applying manures, the best times or 



applying manures, the usefulness or nitrification, the home mixing of 
fertilizers, the value of lime, and many other problems connected with 
the conservation of soil fertility. I close this resume of the history of 
soil fertility, its conservation and restoration by citing two classical 
works by American authors, well known and appreciated by all sci- 
entific agronomists, viz : Agriculture in Some of Its Relations to 
Chemistry, by F. H. Storer, and Soils, their Formation, Properties, 
Composition, and Relations to Climate and Plant Growth, by E. W. 
Hilgard. 

A very remarkable document dealing with the fertility of the soil 
and its conservation is found in the annual oration delivered before 
the Chemical Society of Philadelphia on April 14, 1798. There are 
only a few copies of this document in existence. One of the most 
interesting of these is a copy given to Thomas Jefferson by the 
author himself, and now in the Library of Congress. On the title 
page is written in ink " To Thomas Jefferson, with the compliments of 
the author." The theme of the oration is a sketch of the revolutions 
in chemistry, by Thomas P. Smith, and it is dedicated to Robert Pat- 
terson, A. M., professor of mathematics in the University of Penn- 
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Bylvania. At a meeting of the Chemical Society on April 14 the 
foUowinff resolution was adopted : " Resolved^ That a copy of Mr. 
Smith's Teamed and ingenious oration be requested for publication. 
Extract from the minutes. George Lee, Jun. Sec'ry." 
The concluding portion of this oration is as follows : 

The only true basis on which the independence of our country can rest are 
agriculture and manufactures. To the promotion of these nothing tends in 
a higher degree than chemistry. It is this science which teaches man how to 
correct the bad qualities of the land he cultivates by a proper application of 
the various species of manure, and it is by means of a knowledge of this 
science that he is enabled to pursue the metals through all the various forms 
they put on in the earth, separate them from substances which render them 
useless, and at length manufacture them into the various forms for use and 
ornament in which we see them. If such are the effects of chemistry, how much 
should the wish for its promotion be excited in the breast of every American ! 
It is to a general diffusion of a knowledge of this science next to the virtue 
of our countrymen, that we are to look for the firm establishment of our 
independence. And may your endeavors, gentlemen, in this cause entitle you 
to the gratitude of your fellow-citizena 

DEFINITIONS OF SOIL FEBTILITY. 

The measure of the fertility of the soil is its ability under given 
seasonal conditions to produce a crop. The magnitude of the crop 
in those conditions affords a safe basis of judgment. It is true a crop 
does not get its whole nourishment from the soil. The carbohydrate 
matter, of which the largest part of every plant is composed, is taken 
from water and the carbon dioxid in the air or dissolved in the water. 
It is a self-evident axiom that Jthe absence of any one essential ele- 
ment of plant food renders the production of a crop impossible. 
The absolutely essential substances necessary to plant ^owth are 
water, carbon dioxid, potash, and phosphoric and nitric acids. Essen- 
tial elements are sulphur, lime and iron, magnesia and silica, and 
other mineral elements usually found in soils are also generally met 
with in plants, but are not deemed essential. 

The soil plays a double role in plant growth — ^first it furnishes the 
physical support of the plant, and second it provides directly or 
mtermediately the lime, potash, phosphorus, nitrogen, and sulphur, 
without which complete plant development is impossible. 
' The fertility of the soil is of two kinds, viz, temporary and con- 
tinuing. Temporary fertility represents that excess ot available 
plant food found in virgin soils and which rapidly disappears under 
continuous cultivation without fertilization. Temporary fertility 
also represents that increased power of production which a soil mani- 
fests imder special tillage or by the application of manure and fer- 
tilizers. Continuing fertility is that which the soil maintains without 
the addition of fertilizing material and below which continual crop- 
ping can not reduce it. This properly represents the natural barrier 
interposed to prevent present agriculture from robbing future 
generations. It can not be doubted that if all the fertility of the 
soil could be put into enormous crops, say for a period of fifty years, 
the natural rapacity of man, from which even farmers are not free, 
would not be slow to utilize the gift. Future generations 
would be left to starve if nature permitted the enrichment of the 
present one. The phrase " continuing fertility " does not necessarily 
mean that there is no change in the degree oi fertility or that there 
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is any hard and fast line between it and temporary fertility. Experi- 
ence has shown that in the great majority of cases a fertile virgin 
soil subjected to the usual practices in vogue in this country rapidhr 
loses its fertility until a certain minimum production is reached. It 
then remains in this state with but little change for a long time. This 
fact has also been scientifically established by the celebrated experi- 
ments conducted at Rothamstead. 

Now, if I understand the purpose of this discussion it is not how 
to preserve this minimum fertility but, on the other hand, how to 
preserve the higher fertility as shown in most virgin soils. On two 
previous occasions I have discussed this problem in detail, viz, in my 
address as chairman of Section C, of the American Association at 
the Buffalo meeting in ISSO,** and the other in an address as retiring 
president of the American Chemical Society at Baltimore.^ 

In the address first mentioned I say: "The exportation of agricul- 
tural products becomes, therefore, a slow but certain method of 
securing soil exhaustion, and this accounts for the fact that countries, 
or those portions of countries which are devoted to almost exclusive 
agricultural pursuits, thus causing a continuous exportation of agri- 
cultural products, become the homes not of the richest but of the 
poorest communities." 

It would be useless to deny in this connection that our own country, 
with a soil enriched by centuries of accumulating nitrogen, has grown 
rich from its agricultural exports. But when the last of our virgin 
soil shall have been placed under cultivation a continuous stream of 
such exports will certainly impoverish the nation and reduce all who 
practice such agriculture to the condition which has already been 
reached by those who have for vears grown tobacco, corn, cotton, and 
wheat on the same soil and sol5 the products without paying back to 
the field the percentage of profits which was its due. 

On the other hand, the farmer who is fortunate enough to be per- 
mitted to patronize the home market, who sells his maize and takes 
home a load of manure, adds not only to the plethora of his purse but 
also to the fertility of his soil. 

Thus in the light of agricultural chemistry we see clearly the deep 
scientific basis of the teachings of political economy which show the 
value of the home market. While, therefore, the statement made at 
the commencement of this address, that the chief factor in the pros- 
perity of a country is its agriculture, remains in every sense true, yet 
from the data discussed it as readily appears that agricultural pros- 
perity is most intimately connected'^ with the advancement of every 
other industry. Agricultural chemistry teaches the farmer to wel- 
come the turnace and the mill, for in their proximity he secures a 
sure return to his fields of the plant foods removed in his crops. 

We have seen by the foregoing discussion that, without any arti- 
ficial additions, the soil, excluding the subsoil, contains enough of the 
two most important and valuable mineral constituents of plants to 
produce an average crop annuallv for 250 years. In point of fact, 
however, the impoverishment of the soil takes place at a much 
slower rate than this theory would indicate. It would, indeed, 
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be a sorry thought to consider that in a quarter of a millennium 
the agricultural area of the earth would be incapable of producing 
further yields. Doubtless much of this reserve food is brought from 
the subsoil, and if it be possible for the subterraneous stores of these 
materials gradually to work their way surfacewards, even the remote 
future need not fear a dearth of them. 

There is also a certain conservatism in crops, a vegetable "good 
breeding," which prevents tlie growing plant from taking all the lood 
in sight. As long as there is abundance the plant is a hearty eater, 
but when the visible quantity of food falls to a certain minimum it 
remains for a long time without any rapid diminution. This fact 
is well illustrated in the experiments of Lawes and Gilbert at Roth- 
amstead, where wheat was grown on the same unmanured field for 
forty years in succession. 

In the "Summary and general conclusions" derived from these 
experiments, these celebrated agronomists say: "A soil which in the 
orainary course of agriculture would have received an application of 
manure before another crop was sown, has produced crops of wheat 
in succession, averaging 14 bushels per acre, solely by means of its 
existing fertility. * * * The stock of potash and phosphoric 
acid has been largely reduced. Although so much soil fertility has 
been removed, the stock that remains would appear to be suflScient to 
grow crops of wheat for a very long period; the produce, however, 
must, in process of time, necessarily be lower than it has hitherto 
been." 

THE BOTATION OF CHOPS. 

The great utility of a proper rotation of crops in conserving the 
magnitude of the yield is one of the best known principles in scien- 
tific agriculture. Various and ingenious theories have been pre- 
sented to account for this benefit. In this connection it seems to me 
desirable to point out the true cause of the benefit derived from the 
rotation of crops. There is nothing mysterious or occult in plant 
growth. As in the case of animals, plant growth consists in pure 
chemical transformations. There is no such thing as " vital prin- 
ciple " or " mysterious force," or " supernatural influence." Every 
operation is based upon the. principles of chemistry. The course of 
the sap in the plant, the nourishment of the germ, the transformation 
of the carbon dioxid of the air, the building of inorganic into organic 
products, the building up and decomposition of plant materials are 
all governed by the laws of chemical science. 

Attention has already been called to the fact that the sources of 

f)lant food are so distributed in nature that they become available 
ittle by little, thus securing for future generations the possibility of 
life which would be speedily denied them if soil fertility could be 
utilized within a few years. The well-known principle of the law 
of the minimum, it seems to me, is the true explanation of the benefit 
of crop rotation. If all crops used their foods in the same propor- 
tion, there could be little benefit derived from crop rotation, but as in 
the case of animals so it is with plants. Some animals live exclu- 
sively on flesh foods; others live exclusively on vegetable foods; 
others on mixtures of these foods in varying proportions. It is evi- 
dent that if all animals lived on flesh roods starvation would soon 
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take place. It is evident, further, that if all animals lived on vege- 
table foods the food problem would be immensely increased in diffi- 
culty, and if all animals lived on the same proportions of vegetable 
and animal foods there would be a stringency m some quarters due 
to the exhaustion of one or another of the principles oi the foods. 
The same law holds good with the plant. While all plants live on 
essentialljr the same finds of food, the quantities of any particular 
kind required vary in every plant. It is only necessary to study the 
life history of any one plant and compare it with the life history of 
another to show this fact. For instance, a study of the nutrition of 
wheat as compared with the nutrition of the sugar beet will indicate 
in probably an extreme manner the variations of the proportions of 
the various plant foods required. Hence if a crop, sucn as the sugar 
beet, is grown continuously on a field without the administration of 
any artificial food, the particular character of the plant food fur- 
nished by the soil which is most required is soon reduced to a mini- 
mum of production, while at the same time other varieties of plant 
food may still exist in abundant proportions. In this condition the 
sugar beet grows only with its minimum crop. If any cereal, such as 
wheat, be planted in the same field, all the elements necessary to the 
production of wheat may still be present in abundance and the maxi- 
mum crop of wheat will be produced. Since plant foods are furnished 
constantly in soils chiefly by progressive decomposition and by capil- 
lary translation, the best results are necessarily secured by changing 
crops. This principle will account for the principal benefit secured by 
crop rotation. There are of course other factors, such as character of 
the cultivation, the variations of the bacterial flora, the increasing or 
decreasing acidity, which play a prominent but not a dominant role. 
But in each of these cases the general law of supply and the general 
law of the minimmn hold goo£ 
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LOSSES DUE TO INSECTS. 



PABT L INSECTS AS A CHECK ON AGBICirLTUBAL PBODTJCTION 
AND AS A SOURCE OF WASTE TO ACCUMULATED SUPPLIES. 



By C. L. Marlatt, 
Bureau of Entomology, U. S. Department of Agriculture. 



INTRODUCTION. 



The value of the farm products of the United States for the year 
1907 is estimated by the Secretary of the United States Department 
of Agriculture at $7,412,000,000 at the point of production. Of this 
total $4,742,000,000 are plant products. The accumulated stores of 

Erevibus years of such staples as the grains, tobacco, etc., will easily 
ring the value of plant products of this year, subject to loss from 
insects, to upward of $6,000,000,000. To one familiar with the work 
of important insect pests on farm crops, stored ^ains, and other 
stored products entering into this total, it is not difficult to approxi- 
mate the probable shrimcage due to insects. The detailed description 
of such shrinkage which follows indicates that it will rarely fall 
below 10 per cent of the total value, and in the case of certain impor- 
tant farm staples may, in years oi excessive damage, amount to 50 
per cent. For the cereal grains and other important field crops a 
minimum 10 per cent rate of loss from insects nas been adhered to. 
The rate of loss, however, is much heavier with certain other classes 
of farm products, such as truck crops and fruits, being certainly not 
less than 20 per cent for the former and 30 per cent for the latter. 
As will be indicated more exactly farther on, this resulted for the 
year 1907 in a shrinkage in value of all plant products of the farm of 
$552,500,000. To this must be added the injury occasioned by insect 
pests to farm products in storage, amounting to at least $100,000,000. 
making a total tax in 1907 of $652,500,000 on the plant products oi 
the farm chargeable to insects, and this is approximately the annual 
tax which insects impose on such products in the United States. That 
this estimate, which at first may seem absolutely preposterous, has 
resMj a reasonable basis will be indicated, it is believed, by the more 
detailed consideration of the nature of the losses which follows. 



BASIS OF ESTIMATES. 



The estimate of losses is based on the farm price of the crop actu- 
ally harvested, and does not, therefore, take into account the possible 
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reduction in value which would follow the marketing of the larger 
crop. While it is true that prices are regulated by production, the 
factor of distribution, especially in the case of cereals, often predom- 
inates, so that large crops may bring good prices and small crops low 
prices. During the last fifteen veal's, for example, the price of wheat 
m this country has exhibited little if any relation to our own produc- 
tion. The bumper wheat crop of 1901 of nearly 750,000,000 Dushels 
brought to the farmer 23 cents a bushel more than the crop of 1894, 
whicn was 300,000,000 bushels less, or but little more than half the 
production of 1901 ; and for several years the farmer has been getting 
higher prices for wheat on crops larger than the average. 

Some definite means of estimating losses must be assumed, and liny 
effort to scale down these losses by reckoning possible enhancement of 
the market price, in view of the conditions just cited, would come 
more in the category of pure guesswork and be open to quite as great 
objection as the plan adopted. As an offset to possibly enhanced 
values due to slirinkagos occasioned by insects, moreover, are certain 
very legitimate items of cost. A very considerable item of loss prop- 
erly chargeable to insocts is the annual expenditure devoted to their 
control, which, except in the case of certain fruit and truck crops, has 
not been considered in the estimates. This amounts to a large per- 
centage of the value of the crop in the case of orchard fruits, truck 
crops, and of such field crops as cotton and tobacco. In the case of 
the cereals, protection is chiefly secured by farm practices, such as 
rotation of crops, variations in the time of planting, etc., and this 
also applies, to some extent, to cotton, tobacco, and truck crops. In 
estimatnig the losses due to the codling moth, for illustration, it is 
shown that a sum of $5,000,000 a year is expended in spraying apple 
trees, allowing a co'-t of only 10 cents per tree for one-fourth or the 
bearing trees. In the case of citrus, fruits the cost of gassing and 
spraying ran <>:os from 10 cents to $1.50 per tree. 

Another legitimate class of losses not included in the estimate is 
the secondary losses which necessarily result from diminished prod- 
ucts. For example, the excessive reduction in winter wheat through 
the Hessian fly ravages in 1900 put a serious check upon milling 
operations throughout the region worst affected and caused very 
heavy loss in this field of industry. Similarly a shortage of cotton 
may so increase the values as to lead to the shutting down of cotton 
mills, as h«Ts been illustrated recently. A shortage ot grains means a 
corresponding loss to railroads and other transportation companies 
and to shippers. In other words, any material shrinkage in an im- 
portant product starts a train of losses to the end of the chapter, the 
total amount of which is quite beyond calculation or estimate. 

The writer believes that these omitted items of loss will make good 
any difference of price which might result from the larger crops if 
insect damage were entirely eliminated. 

Irrespective of the monetary consideration is the actual material 
loss in products, which is absolute so far as the consumer is concerned. 
From the standpoint of the producer, also, the action of injurious 
insects is to put a cheek on production, and the shrinkage of crops 
represents wasted effort. In other words, were it not for these pests, 
a lessened acreage and a saving in labor would produce an equivalent 
crop. 
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A general view of the relation of insect losses to the important 
staples is given in the table below. The value of plant products is 
based on the report of the Secretary of the United States Department 
of Agriculture for 1907. The last two columns, indicating the 
shrinkage due to insect work, are based on the crop actually har- 
vested; that is to say, except for such damage the crop would have 
been 10 or 20 per cent greater. 

Values of plant products for 1907 and losses chargeable to insect pests. 



Product. 


Value. 


PercOTit- 


Amount of 
loss. 


Cereals 


$2,378,000,000 

660,000,000 

675,000,000 

60,000,000 

0340,000,000 

64.000,000 

220,000,000 

150,000,000 

189,000,000 


10 
10 
10 
10 
20 
10 
80 
10 
10 


1237,800,000 


Hay 


66,000,000 


Cotlon 


67,500,000 


Tobacxw 


6,900,000 


Truck crops 


68,000,000 


Sugars 


6,400,000 


Fruits 


66,000,000 


Furm forests 


16,000,000 


MllfCellaTuy>ii8 OTOpt. . . 


18.900,000 


Products in storagf^ , , - - 


100,000,000 










Total 


4,746,000.000 




652.500,000 









a Estimate only. 



An explanation of the nature of the less and method of computation 
for the different products as above classified follows: 



INSECT DAMAGE TO CEREAIi CROPS. 



Only the losses to the two most important cereals, com and wheat, 
will be discussed in this paper, as the injury to oats, barley, rve, etc., 
will average about the same percentage and need not be specifically 
analyzed. 



INSECT DAMAGE TO CORN. 



In point of quantity and vahie, corn is the leading cereal crop of 
the United States. Its annual farm value in later years has been 
upward of $1,000,000,000. \Miile less subject to insect damage than 
wheat, the next most important cereal, the corn product would be 
consiiderably greater were it not for important insect pests. The work 
of several of these is obscure,' and many farmers are entirely ignorant 
even of the existence of some of the worst enemies of this crop. In 
this last category falls the work of the corn root worm {Diabrotica 
longicomis), which ordinarily passes unnoticed, or at least is often 
misunderstood. The larva of this insect feeds on the roots of young 
corn, and in regions of bad attack may cause almost an entire loss 
of the stand. The corn root worm, together with one or two allied 
species working in substantially the same way, causes an annual loss 
of at least 2 pr cent of the crop, or some $20,000,000. 

Perhaps tne next most important insect pest of this cerenl is the 
boUworm or earwonn. This insect, as shown by Mr. A. L. Quaint- 
ance, of this bureau, probably attacks from 90 to 100 per cent of the 
ears of sweet com throughout the country, and in the South practi- 
cally an equal percentage of the ears of field corn, as shown by actual 
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counts in the field made during the years 1902 and 1903. The average 
loss in the number of kernels to an attacked ear is 15 per cent, or, if 
allowance be made for the smaller size of the terminal kernels, at least 
a loss of 7i per cent. The percentage of loss is less in the great com 
areas of the Northern and Middle States, but a 2 per cent loss for the 
United States chargeable to this insect is certainly well within the 
limits of actual damage, and would, for the corn crop of 1904, indicate 
a loss of over $20,000^000. 

Of perhaps equal importance to this crop are the depredations of 
the chmch bug. Chincn-bug injury is, as a rule, more marked where 
corn is grown in the neighborhood of wheat or small grains, and in 
such cases the migration of the chinch bug from wheat to corn may 
often result in the total destruction of considerable areas of corn. 
The chinch bug is a strong flier also, and at the period of migration 
in midsummer com ia onen attacked, the loss m the case of this 
cereal being, however, very much less than in the case of wheat. For 
the country as a whole, however, the loss from the chinch bug, taking 
one year with another, will probably be 2 per cent of the crop, or, 
estimating from the crop of 1904, $20,000,000. 

Every year in different sections of the country there is notable 
injury to corn by such insects as billbugs, the various wireworms, 
cutworms, army worms, stalk borers, various species of locusts or 
grasshoppers, com plant lice, and others, to a total of fifty fairly 
important species. These minor pests undoubtedly cause a loss of an 
additional 2 per cent, making a total annual injury of 8 per cent and 
indicating a loss of $80,000,000. 

INSECT DAMAGE TO WHEAT. 

Of the cereal crops of this country wheat suffers most from in- 
sect depredations. Of the large number of insects which depredate 
on this cereal, the three important species are the Hessian fly, the 
chinch bug, and the grain plant louse, using the latter term to in- 
clude several allied species which work in much the same manner. 

The chinch bug is notably a wheat pest, although its damage to 
other cereals and forage crops is very considerable. The losses from 
the depredations of this insect on wheat in single States have ranged 
between $10,000,000 and $20,000,000 in one year. A very reasonable 
average annual estimate of loss, taking the countrjr as a whole, would 
be 5 per cent of the value of the wheat crop, which would indicate 
about $20,000,000 a year chargeable to this insect. 

The Hessian fly is distinctly a wheat pest, although doing some 
damage also to rye and barley. The losses due to it will be considered 
in detail to indicate their nature specifically and to illustrate the ex- 
actness and reliability which may sometimes characterize records of 
this kind relating to particular pests of a single crop. 

The season of 1900 is notable in Hessian-fly annals as exhibiting 
the most destructive work of this pest in recent years. The fly was 
very generally present throughout the main wheat-growing districts 
of the Ohio and Mississippi valleys, but its ravages were that vear 
concentrated particularly in Ohio and Indiana. The statistics oi the 
acreage and yield of wheat and the value of the crop for that year for 
the States mentioned reflect very plainly the loss occasioned by this 
pest The wheat area in these two States in 1900 and the years im- 
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mediately preceding was about 6,000,000 acres. Chiefly on account of 
the ravages of the Hessian fly more than half of this acrea^ (2,577,- 
000 acres) had been abandoned and planted in other crops prior to May 
1, 1900, as shown by the records collected by the Bureau of Statistics 
of this department. The abandonment was about 40 per cent for 
Ohio and 60 per cent for Indiana. The cost of the preparation 
of soil, planting, and seed wheat for this abandoned acreage is all 
that need be reckoned, inasmuch as it was possible to use the land for 
other crops, such as com or oats. The loss in labor and material 
indicated will approximate $3.50 per acre, giving a total of over 
$9,000,000. Of the remaining wheat acreage, the average yield per 
acre for this year in Ohio was 6 bushels, as against 15.3 bushels for 
the year following, 14.2 bushels for the year previous, and nearly 
17 bushels for the years 1897 and 1898. For Indiana, the yield per 
acre in 1900 was only 5.3 bushels, as contrasted with 15.8 bushels for 
1901, and 15.6 and 9.8 bushels, respectively, for 1898 and 1899. In 
other words, a decrease of nearly two-thirds in the yield per acre is 
shown for these two States for the area in wheat which was left 
for harvesting. The Hessian fly does more or less damage every year, 
which reduces the average yield per acre, and, therefore, if such 
damage be eliminated the average yield per acre should be in the 
neighborhood of 15 bushels, indicating a loss for that year of nearly 
10 bushels per acre for the area harvested, or, for the two States, of 
24,230,000 bushels of wheat, of approximately a farm value (at the 
low price for that year) of $15,000,000. This loss, combined with the 
$9,000,000 indicated for abandoned acreage, gives a total direct loss 
for Ohio and Indiana of over $24,000,000. These figures, enormous 
as they are, are based on the careful statistical records of the acreage, 
yield, and prices of 1900 collected by the statistician of the depart- 
ment, working entirely independently of the Bureau of Entomology. 

During this year the damage in other wheat-producing States was 
notable. For example, more than 20 per cent of the planted area of 
Michigan was abandoned, and lesser amounts in other States, with 
great shrinkage in the yield which was actually harvested. The loss, 
therefore, for this single season due to the Hessian fly undoubtedly 
approached $100,000,000. 

The losses occasioned by this insect, while showing great fluctua- 
tion, as indicated, are an annual tax on the wheat crop. Except in 
cases of exceptional severity they pass, however, comparatively un- 
noticed. For example, the Hessian fly was not especially complained 
of in 1904, yet the agent investigating the insect enemies of cereal 
crops in the Ohio Valley reported that many fields showed injury to 
the extent of from 50 to 75 per cent. In comparatively few years 
this insect causes a loss less than 10 per cent of the crop, or the 
equivalent of a shrinkage of over 50,000,000 bushels in the yield, or, 
on the valuation of the crop for 1904, of over $40,000,000. . 

The losses due to grain plant lice are often very heavy, as may be 
illustrated by the extraordinary invasion of the so-called green bug 
in Texas and Oklahoma in the season of 1907. Statistics of these two 
States only are given, but the green bug spread its damage extensively 
into Kansas and was the occasion of more or less loss to small grains 
throughout the United States east of the Rocky Mountains. In 
Texas and Oklahoma, however, the damage was excessive, and over 
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vast areas the wheat and oat crop was totally destroyed. The short- 
age of these crops in these States is to be attributed practically to this 
one source, as the conditions were otherwise favorable for an avera^ 

iield. As shown by the records of the Bureau of Statistics of this 
)epartment, there was a reduction of over 24,000,000 bushels in yield 
of wheat over the preceding year (1906) from a similar acreage planted 
for Texas and Oklahoma, and a shrinkage of more than 35,000,000 
bushels of oats. The grain thus lost represents an approximate farm 
vahie of $32,000,000. Some of this loss was made good by the re- 
planting of the ravaged fields in other crops, but the cost of the 
preparation of the soil for planting and the geed grain for the 
abandoned acreage (nearly three-fourths of the area planted), and 
the very much lessened yield of the acreage actually harvested, makes 
a large percentage of this amount an actual loss. The plant louse 
occurs every year throughout the Mississippi Valley and eastward, 
always inflictmg more or less damage, ana with a favorable season 
mavany year cause a loss similar to that witnessed in Texas and 
Oklahoma in 1907. The average annual loss from this and other 
plant lice certainly amounts to 2 or 3 per cent of the wheat crop. 

The many other insects depredating on wheat, including grass- 
hoppers, the wheat midge, several species of sawflies, and the cut- 
worms and army worms, will swell the total of loss to at least 20 per 
cent of the crop. In other words, were it not for the attack of these 
pests the wheat crop would be one-fifth greater than it now is, or 
would have an additional value of approximately $100,000,000. 

The insect damage to other cereal crops probably falls short of 10 
per cent. A 10 per cent average, however, for all the cereals is cer- 
tainly a reasonable one and is the basis of the loss indicated in the 
general table. 

INSECT DAMAGB TO HAT AND FORAGE CBOPS. 

The damage by destructive insects to hay and forage crops is more 
obscure and less generally understood than in the case of any other 
farm products. Certain of the larger insects depredating on hay and 
forage crops are commonly known. These include the various spe- 
cies of locusts or grasshoppers, army worms, and cutworms. Very 
little understood and generally overlooked, however, are the web- 
worms and small grass worms {Crambus spp.) which work about the 
base or roots of the plants, and which are so abundant that at certain 
seasons the moths flit up in front of one at every step. Swarming 
also in grass lands are many species of minute leaf hoppers which 
reduce the yield enormously, their small size being more than offset 
by their prevalence and numbers. Obscure, but very important also, 
are the white grubs which work on the roots and often kill the grass 
outright over large areas, and everywhere tax production heavily. 
In the same class in habit are the meadow worms or leather jackets, 
the grass-root feeding larvae of the crane flies. A 10 per cent shrink- 
age from these and other pests in grasses and forage plants is a 
minimum estimate. 

INSECT DAMAGE TO COTTON. 

The principal insect depredators on cotton are the cotton-boll wee- 
vil, the bollworm, and the leaf worm. Many other insects, however, 
inflict minor damage. The loss chargeable to the boll weevil, froni 
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the very conservative estimate of Mr. W. D. Hunter, tfie agent 
charged with the study of this insect in Texas, represents, for the 
year 1907, some $25,000,000. 

The bollworm is chiefly destructive in the southwestern cotton- 
producing States of Mississippi, Oklahoma, Arkansas, Louisiana, 
and Texas, causing a damage or from 2 to 60 per cent of the crop ; it 
has been very conservatively estimated by Mr. A. L. Quaintance at 4 
per cent of the crop and indicates an annual loss of some $12,000,000. 
East of these States comparatively little damage is done by the boll- 
worm. 

The cotton-leaf worm in years of excessive damage, before arsenical 
poisoning was a common practice, caused a loss of $20,000,000 to 
$30,000,(^. The present damage is very much reduced, but with 
the increased acreage of cotton an annual loss of from $5,000,000 to 
$10,000,000 may be conservatively estimated. 

Without counting the losses due to a host of minor insect depreda- 
tors, we have already a total annual loss of more than $40,000,000 
chargeable to three important insect pests of this staple. 

INSECT DAMAGE TO TOBACCO, TBUCK GBOPS, SUGAB CANE, ETC. 

Detailed statements relative to insect losses to the crops enumerated 
above will not be attempted in the space at command. All are sub- 
ject to attacks of important insect pests, and a reasonable estimate 
of the annual damage is 10 per cent of the value of the first and last 
named crops, and fully 20 per cent in the case of truck crops. Vege- 
tables and other truck crops are especially subject to insect injury; 
furthermore, there is always a large expenditure in the control of 
insects, the items of which and of actual damage together probably 
making the tax due to insects double the normal 10 per cent rate. 

INSECT DAMAGE TO MISCELLANEOUS CROPS. 

A great many minor crops enumerated in the census of 1900 can 
not be discussed separately; consequently, the valuation of the crops 
IS lumped together and a 10 per cent loss chargeable to insects 
estimated on the whole, which seems reasonable in view of the exam- 
inations already made of the more important farm products. 

INSECT DAMAGE TO STORED PRODUCTS. 

The estimates given in the foregoing discussions relating to vege- 
table products give the shrinkage due to attacks of insects to growing 
and maturing crops. After these crops have run the gauntlet of 
insect enemies during their entire period of growth, notably the 
cereal and forage crops, tobacco, and certain truck crops, they are 
still subject to the inroads of another class of insect depredators 
while in storage on the farm, or, in greater accumulations, in elevators 
and mills, or, again, while in transit, especially in the case of long 
shipments by sea. The cereals are kept in storage until consumed, 
which means a considerable period for the bulk of the crop. The 
various grain weevils and beetles, flour moths, and other insect pests 
which depredate on stored grains frequently cause great losses, and 
an estimated injury of 5 per cent is a reasonable and probably mini- 
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mum figure. Computing this percentage, therefore, on the valuation 
of the cereal products for 1907 we have an annual loss of more than 
$100,000,000. 

The location of food products for human consumption is in the 
house storeroom and kitchen, and often this last opportunity for 
insect damage is improved by various species of the stored-grain 

Ksts already referred to. Animal products are attacked by larder 
etles, ham beetles, etc. ; fruits by various fruit and vinegar mes; and 
woolens or household furnishings by carpet beetles, clothes moths, 
silver fish, etc. 

Cured tobacco is especially subject to insect attack and damage, the 
most important source of injury being a minute insect known as the 
cigarette beetle, which not only eats into cigarettes but into all other 
forms of cured tobacco. It is now widespread in America, occuring 
in practically all factories, warehouses, and retail establishments, and 
is frequently the cause of very heavy losses. 

In the general table a total loss of $100,000,000 is indicated for 
insects attacking stored products. This is covered by the loss for 
cereal products alone, ana if the other items of loss just enumerated 
were included a considerable increase in the estimate could legiti- 
mately be made. 

CONTROL OF INJURIOUS INSECTS. 

The enormous annual loss which may now be fairly charged to 
insect pests can be very much limited by the more general adoption 
of known methods of control and by thoroughgoing investigations 
to discover other practicable means of prevention. In no country in 
the world has the problem of insect control been more energetically 
taken up than in tne United States, both in the work of the Bureau 
of Entomology of the United States Department of Agriculture and 
of the state and experiment station entomologists of the various 
States. The methods of controlling important insect pests which 
have resulted from the studies of the last twenty-five years, and which 
have been adopted by the more progressive farmers and fruit growers, 
have already put a large limitation on insect losses. As a general 
proposition, fruit growing in this country would practically come to 
an end if sprays and other means of control, which have resulted 
from the studies of the problem by experts, were discontinued, and a 
vast increase in the losses to cereals and other crops and to animal 
products would result from neglect of known measures applying in 
these fields. 

As illustrating the saving from insect losses now effected and point- 
ing to still gi'eater ones, which will come as a result of future work 
and the more general adoption of known methods, a few coinmon 
examples may be given. The cotton worm, before it was studied and 
the method of controlling it by the use of arsenicals was made com- 
mon knowledge, levied in bad years a tax of $30,000,000 on the cotton 
crop. The prevention of loss from the Hessian fly, due to the knowl- 
edge of proper seasons for planting wheat, and other direct and 
cultural methods, results in the saying of from $100,000,000 to $200,- 
000,000 annually. Careful statistics show that the damage from the 
codling moth to the apple is limited two-thirds by the adoption of 
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arsenical sprays, banding, and other methods of control, representing 
a saving ot from $15,000,000 to $20,000,000. 

The existence and progress of the citrus industry of California 
were made possible by the introduction from Australia of a natural 
enemy of the white scale, an insect pest which was rapidly destroy- 
ing the orange and lemon orchards, this introduction representing a 
saving to the people of that State or many million dollars every year. 
The rotation of com with oats or other crops saves the com crop xrom 
the attacks of the root worm to the extent of perhaps $100,000,000 
annually in the chief corn-producing regions of the Mississippi Val- 
ley. The cultural system of controlling the boll weevil is already 
saving the farmers of Texas many millions of dollars, and, in fact, 
making the continuance of cotton growing possible, and scores of 
similar illustrations could be cited. 



PABT n. INSECT DAMAGE TO FBUITS. 



By A. L. QUAINTANCE, 

Bureau of Entomology, U. S. Department of Agriculture. 



INTRODUCTION. 



As indicated in an introductory paragraph in Part I, the insect 
injury to orchard and small fruit is exceptionally heavy, and in spite 
of the corrective measures there is a tax of at least 30 per cent on pro- 
duction. Remedial measures are of the greatest importance in this 
field, and were it not for the insecticide and other treatment now prac- 
ticed the commercial fruit interests of this country would be practi- 
cally annihilated. In addition to the horde of native species which 
have in great measure left their native wild food plants and attack 
orchard products, many of the most serious fruit insect enemies of the 
Old World have been introduced into this country, often without their 
natural checks, for which and other reasons they have here become 
excessively injurious. The control of most orchard insects takes the 
form of spraying, and while this is relatively very expensive, fruit 
spraying yields a larger percentage of benefit than is the case with 
many ouier crops. 

The detailed examination of the subject which follows covers the 
leading insect enemies of the principal deciduous fruits, such as the 
codling moth, San Jose scale, peach-tree borers, grape phylloxera, etc. 
The citrus and subtropical fruits have not been specifically consid- 
ered, but with these the rate of loss, together with the cost of pro- 
tective treatment, is fully as heavy as with the deciduous fruits. A 
total insect tax on deciduous fruits of more than $66,000,000 is indi- 
cated, and this is really a moderate estimate, as will be seen from the 
discussion of the several items entering into this total. The cost 
put down for spraying trees and the losses to fruit are minimum 
charges, and are very generally exceeded in actual orchard practice 
and experience. 
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THE CX)DLINO MOTH. 

The codling moth has been depredating on the American apple 
crop for upward of one himdred years, and during this period has de- 
stroyed fruits to the value of several hundred millions of dollars. 
WitKin the past twenty years a very large sum has been expended in 
its control. 

The average annual apple crop from 1897 to 1907, as shown by 
statistics obtained by the American Agriculturist, is approximately 
37,000,000 barrels. Assuming that there is a 25 per cent loss of 
fruit from this species, the figures of yield given represent three- 
fourths of the total crop — ^that is, the shrinkage in yield is about 
12,330,000 barrels, which, with a valuation of $1.25 per barrel, repre- 
sents about $15,500,000. Deducting from this amount the possible 
value of the fruit for cider, vinegar, etc., at 30 cents per barrel, 
there is a net loss of $11,750,000. 

Assuming that but one- fourth of the total number of apple trees 
are sprayed each year, and at a cost of 10 cents per tree, the cost of 
treatment is about $5,000,000. 

The total annual tax of this species to the apple growers of the 
United States thus amounts to about $16,750,000, as explained more 
in detail below: 

DAMAGES BT THE CODLING MOTH. 

{Carpocapsa pomonella.) 

In estimating the annual loss from this insect to apple crop, the American 
Agriculturist figures of crop were used, and the average crop of the past ten 
years was taken as a basis : 

Average crop, 1897 to 1907, inclusive (barrels) 37,000.000 

Estimated that only one-half of total number of trees are in bear- 
ing any one year (off year, cold, etc.), crop from, approximately 
(trees) 100, 000, 000 

Estimated that only one-half of this number of trees are sprayed— 50, 000, 000 
Estimated that in unsprayed orchards there is a loss each year 
of 50 per cent of crop. 

Shrinliage in yield, 25 per cent of whole crop, or 50 per cent of crop 
on the 50,000,000 unsprayed trees (one-third of 37,000,000 bar- 
rels) 12. a33, 333 

Value of shrinkage, at $1.25 per barrel $15,416,666 

(Average price i)er barrel for past ten years at principal eastern 
markets was $2.65.) 
Less value of culls, at 30 cents per barrel 3, 699, 099 

Net loss on crop 11, 716, 667 

At 10 cents per tree, cost of spraying 50,000,000 trees 5,000,000 

Present loss and cost of treatment 16, 716, 667 

THE SAN J08E SCALE. 

The outlay necessary to bring an orchard to bearing age is con- 
siderable, amounting under favorable conditions of management to 
from 50 cents to $1 per tree. The destruction of trees by scale or 
other causes before fruiting begins, or later, represents therefore a 
loss of invested capital aside from the loss of possible dividends from 
the fruit produced. Losses from the San Jose scale have been occa- 
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sioned largely by the wiping out of capital invested in orchards by 
the destruction of the trees. Since its introduction into California 
in the early seventies, and its appearance in the East some fifteen 
vears later, losses of this character to orchards and other plants have 
been perhaps not less than fifty or sixty million dollars. 

A conservative estimate of its injuries at the present time indicates 
that of the 350,000,000 trees of the more important deciduous fruits, 
as given in the 19()0 census, about 80,500,000 are infested. It is be- 
lieved that three- fourths of this number, or 60,000,000, are now being 
treated, resulting in the preservation of trees worth at least 
$46,000,000. 

The annual loss resulting from failure to spray amounts on the 
same basis to about $5,000,000. The cost of treating the 60,000,000 
trees, at 9 cents each, is about $5,500,000, aggregating a total annual 
charge against this species of $10,500,000, as detailed below. 

DAMAGES BT THE SAN JOSE SCALE. 

(Aapidiotus pemiciosus.) 

The number of trees subject to Infestation as given by the 1900 census was 
taken as a basis. The number of trees infested was determined by estimating 
the percentage of infestation in the various States where the scale is luiown 
to occur. 

Apple trees infested 40, 383, 339 Now sprayed 30, 287, 505 

Peach and nectarine 27,911.032 Do 20,933,274 

Pear trees infested 3, 116, 884 Do 2, SSI, 003 

Plum and prune infested— 9, 014, 316 Do 6, 760, 737 



Total 80, 425, 571 Total GO, 319, 179 

Value of orchard interest now saved by spraying: 

30,297,505 apple, at $1 per tree ' $30,279,505 

20,933,274 peach and nectarine, at 50 cents 10,466,637 

2,337,633 pear, at 75 cents 1,753,224 

6,760,737 plum and prune, at 50 cents 3,380,368 



45, 879, 734 
Loss from San Jose scale: 

One-fourth of infested apple trees, not sprayed, 10,095,834, at 

$1 each. 10, 095, 834 

One-fourth of infested peach and nectarine trees, not sprayed, 

6,997,758, at 50 cents 3,488,879 

One-fourth of infested pear trees, not sprayed, 779,221, at 

75 cents each 584,415 

One-fourth of infested plum and prune trees, not sprayed, 

2,253,579, at 50 cents each 1, 126, 798 



15, 295, 917 



Assuming that only one-third of these trees die each year, annual 

loss becomes 5, 098, 639 

Cost of treatment, 60,319,179 trees, at 9 cents each 5, 429, 626 



Total annual loss of trees and cost of treatment 10, 528, 265 

PEACH TREE BORERS. 

Throughout its area of culture the peach is subject to attack from 
Lepidopteraus larvce^ which feed on the inner bark, at the base of the 
tree, on the roots, or along the trunk. Young trees are especially 



Digitized by 



Google 



312 KEPORT OF NATIONAL CONSERVATION COMMISSION. 

injured and often killed, and older trees are often so weakened that 
normal crops are not produced. Using the 1900 census figures as a 
basis, at a valuation of 50 cents per tree and an estimated injury of 
10 per cent, the losses from this species become $5,000,000. 

There is also a large expenditure in labor in worming trees (the 
method principally relied upon to control the species), amounting 
perhaps to at least $1,000,000, making a total charge against this 
species of $6,000,000. 

DAMAGES BT PEACH TBEE BOBEBS. 

iSanninoidca exitiosa; 8. opalescens; Bynanthedon pictipes.) 

The number of trees as given by the 1900 census was taken as a basis. 

Number of peach and nectarine trees approximately . 100,000,000 

Value, at 50 cents per tree $50,000,000 

Estimated an annual shrinkage in value of 10 per cent $5,000,000 

Estimated cost of treatment, mostly digging out 1,000,000 

Total . $6, 000, 000 

GRAPE INSECTS. 

The grape suffers severely from insect attack. The Phylloxera in 
California, to which State its injuries are principally confined, causes 
an estimated annual deterioration in condition of vineyards of not 
less than 5 per cent. On this basis its injuries represent a loss of 
about $3,500,000. 

The grape root worm for some years has threatened the grape in- 
dustry in the Erie and Chautauqua grape belts in New York and 
Pennsylvania, and has done a large amount of damage in Ohio. 
Considering its injuries in this territory only, an estimated annual 
deterioration in the condition of vineyards of 10 per cent results in 
the loss of something more than $1,750,000. If to this be added all 
expenditures for treatment, there is a total of over $2,000,000 which 
this species taxes the grape growers of this limited territory. 

The grape leaf hopper, another important enemy of the vine, occurs 
all over the United States, and is present in vine3^ards every year, in 
many instances being excessively destructive. At the low estimate of 
injury of 2.5 per cent for the United States as a whole, the deteriora- 
tion in condition of vines resulting from the attack of this species is 
about $2,250,000. There are numerous other grape pests that locally 
often become seriously destructive, as the rose bug, grape berry moth, 
flea beetle, leaf caterpillars, etc. The total loss from these several 
pests of $1,000,000 each year, including money spent in their control, 
will be quite conservative. The annual loss throughout the country 
to vineyards therefore is about $8,750,000. 

DAMAGES BY GRAPE INSECTS. 
[Figures of 1900 census were taken as a basis.] 

Phylloxera. 

Number of vines in California 90.686,458 

Value, at 75 cents per vine $68,014,843 

Estimated 5 per cent annual shrinkage in value of vineyards from 
phylloxera attack $3, 400, 742 
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Gbape Root Wobm (Fidia viticida). 

Noinber of vines in P^wsylvania, Ohio, and New York 

(principal area now seriously injured) 37,801,289 

Value, at 50 cents per vine $18, 900, 644 

Estimated 10 per cent reduction in value $1, 890, 000 

CJost of treatment 200, 000 

Gbape Leaf Hoppeb (Typhlocyha comes). 

Total number vines in the United States 182, 333, 064 

Value, at 50 cents per vine $91,166,532 

Estimated 2i per cent reduction in value $2, 279, 163 

Practically no treatment is given. 

Miscellaneous Gbape Insects (Rose bug. Bebbt moth, Catebpillabs, etc.). 

Estimated annual injury, and cost of treatment for these several 
species $1, 000, 000 

Total for grape insects..^ 8, 769, 905 

THE PLUM CUKCULIO. 

The plum curculio is a native species and from earliest times has 
depredated ujjon stone fruits, and during the past fifteen or twenty 
years its injuries have become very important. This insect is confined 
to America so far as is known, and in the United States does not 
occur west of about the one hundredth meridian. Taking into account 
its distribution and its injuries to the apple crop in the Middle West 
and eastern States, on the basis of a 10 per cent reduction in yield, 
there results a loss of about $3,250,000. Assuming a loss to the peach 
crop of 33 per cent, the injuries to peaches, including the cost of 
remedial work, brings about a loss of somewhat more than $4,000,000. 
On the basis of a 50 per cent reduction in yield of plums and prunes 
throughout the infested territory, including the cost of treatments, 
there is a loss of about $1,250,000. 

The total annual loss to its several food plants amounts to about 
$8,500,000. 

DAMAGES BY PLUM CURCULIO. 

iConolrachelus nenuphar,) 

APPLE. 

[The figures for the apple crop In the following estimate were furnished by the American 

Agriculturalist.] 

Average crop, 1897 to 1907, in the Infested territory (barrels) 34,292,700 

Estimated shrinkage of flrst-class fruit, 10 per cent 3, 429, 270 

Value, at $1.25 per barrel $4,286,587 

Value of fruit as culls, at 30 cents per barrel 1, 028, 781 

Total $3, 257, 806 

On apples this insect receives but little if any treatment aside from that 
given in codling-moth treatments. 
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PEACH. 

There are no available figures on the yield of peaches. It was thus necessary 
to determine this as accurately as possible on the basis of the number of trees 
and a conservative yield which each should give. 

Number of trees in infested territory 90,931,542 

Assuming that one-fourth bear every year, producing an average of 

1 crate per tree, valued at 50 cents, net value $11,366,443 

Estimated annual loss of 33 per cent $3,788,814 

Cost of spraying. Jarring, etc . 300, 000 

Total ^, 088, 814 

PLUJtf, PRUNE, ETC. 

There are likewise no figures on the yield of the plum, prune, etc., and the 
yields of these fruits were determined in a similar manner. 

Number of trees in infested territory 15,906,398 

Assuming that one-fourth bear every year 1 crate per tree, at 50 
cents value $1, 988, 299 

Estimated annual loss of 50 per cent $994, 149 

Cost of treatment, spraying, Jarring, etc 250,000 

Total $1, 244, 149 

TOTALS. 

Apple $3, 257, 806 

Peach 3,788,814 

Plum, prune, etc 994,149 

Total $8, 040, 769 

Cost of treatments 550,000 

Grand total $8, 590, 769 

LOSSES FROM MISCELLANEOUS FRUIT-TREE INSECTS. 

In addition to the more notable insect pests previously indicated, 
there is a large number of species which in the aggregate cause a very 
great injury to fruit or tree. Thus, for miscellaneous apple insects, 
a conservative estimate indicates that about $10,000,000 are lost an- 
nually from the attack of such species as canker worms, apple-tree 
borers, woolly aphis, etc. The pear crop suffers from pear thrips, 
pear psylla, codling moth, etc., aggregating in all a loss per year of 
about $1,350,000. 

The loss to stone fruits from miscellaneous insect pests is found to 
be somewhat more thau $8,650,000. 

Cranberry culture is a relatively small and specialized industry; 
nevertheless, the losses from insect attack in proportion to the value 
of the crop is high, amounting to perhaps not less than 25 per cent. 
Using as a basis the figures furinshed by the American Agriculturist 
as to yield, the loss from insect attack to the fruit and vine amounts 
to about $400,000 annually. 

The losses to the several crops mentioned from these miscellaneous 
insects thus total about $15,400,000. 

The details for these several calculations are given below. 
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LOSSES FBOM MISCELLANEOUS INSECTS NOT OONSIDEBED IN OTHEB CALCULATIONS. 

Figures of 1900 census taken as a basis except in tlie case of cranberry in- 
sects. Here the figures of yield of fruit as given by the American Agriculturist 
were used. 

Miscellaneous apple insects. 

Number of apple trees 201,798,642 

Valuation, $1 per tree $201,798,642 

Assuming a total annual injury of 5 per cent each year from such 
insects as canker worms, woolly apple aphis, green aphis, apple- 
tree borers, caterpillars, oyster shell and scurfy scales $10, 089, 932 

Miscellaneous pear insects. 

Number of pear trees 17,716,184 

Valuation, 75 cents per tree $13, 286, 138 

Assuming a total annual injury of 10 per cent from such species as 
pear thrips, pear psylla, pear slug, codling moth, curculio, etc $1, 328, 613 

Cranberry insects. 

The average annual yield of cranberries during the past 4 years 

was (bushels) 1, 057, 750 

Valuation, $1.50 per bushel $1,586,625 

Assuming a total of 25 per cent loss annually from such species as 
the yellow and black-head cranberry worms, the fruit worm, etc_ $396, 656 

Loss from miscellaneous insects to all stone fruits. 

Total number of trees (peach, plum, prune, cherry, etc.) 147,753,746 

Valuation, 50 cents per tree— $73, 876, 873 

Estimated total loss of 5 per cent to value of trees annually $3, 693, 843 

DECIDUOUS FBUIT INSECTS. 

Summary of total losses, including cost of treatment. 

Codling moth $16, 716, 667 

San Jose scale 10,528,265 

Peach-tree borers 6, 000, 000 

Grape insects 8, 769, 905 

Plum curculio 8, 590, 769 

Miscellaneous apple insects 10,089,932 

Miscellaneous pear insects 1, 328, 613 

Cranl)erry insects 396, 656 

Miscellaneous stone fruits 3,693,843 

$66, 114, 650 
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RELATIONS OF BIRDS AND MAMMALS TO THE NATIONAL 

RESOURCES. 



By Dr. C. Habt Mebbiam, 
Chief of Biological Survey, U. S. Department of Agriculture. 



INTBODUCTION. 

In taking stock of our national resources and considering ways and 
means for their conservation, it should not be overlooked that an im- 
portant part of the national assets consist of our insectivorous and 
game birds, our splendid game animals, and our native fur bearers. 

VALXTE OF BIBBS ON THE FABM. 

Birds at all times and in all places are of direct interest to man. 
Some prey upon the products of man's husbandry, but by far the 
greater number prey continuously upon insects and rodents— the ever 
present enemies of agriculture and forestry. While it is impossible 
to represent by figures the value of our insectivorous and predatory 
birds, or to present in the form of statistical tables the number of 
millions saved annually by their labors, it would be a shortsighted 
policy indeed that would sanction depletion of their ranks. . It is 
safe to say that upon their presence and well-being depend the exist- 
ence of our forests and the possibility of successful agriculture. In 
most States an enlightened policy with regard to insectivorous birds 
already prevails; and there is a growing sentiment also in favor of 
adequately protecting game birds, not only for their food value and 
as objects of pursuit by sportsmen, but for their demonstrated value 
as destroyers of insects, m which capacity some of them take first 
rank. The recognition of their importance in the latter role is com- 
paratively recent, and much remains to be done before the public is 
educated to an understanding of the nature and full extent of their 
services, and the losses that will inevitably follow serious diminution 
of their numbers. 

A striking illustration of the value of certain of our native birds 
and mammals in an emergency was afforded during the invasion by 
field mice of the alfalfa districts of Nevada in 1907, when mice in 
the Humboldt Valley increased till in places they reached the aston- 
ishing total of 12,000 to the acre, and completely destroyed the 
alfalfa fields. Several species of hawks and owls, many ravens, 
gulls, and herons, and numerous foxes, skunks, and coyotes speedily 
assembled and took up permanent residence in the in:fccted aistrict, 
where they fed almost wholly on the field mice. Thouglykiadequate 
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by themselves to suppress the plague, thej contributed important aid, 
and had not their numbers been previously reduced by years or 
persistent persecution, it is almost certain that no plague would 
nave occurred, as they would have prevented the increase of the mice. 
Furthermore, after the mice had been greatly reduced in numbers by 
svstematic and persistent poisoning (in February, March, and April), 
they continued to decrease under the continuous attacks of their nat- 
ural enemies until by August they were actually scarce — indicating 
the eflSciency and value of the service rendered by predatory birds 
and mammals. 

VAIiITE OF INSECTIVOBOnS AND THE SMAIiLEB PBEDATOBY 

The value of our insectivorous mammals, and of those whose food 
consists largely of destructive rodents, is less generally imderstood, 
and the laTOr of protecting and preserving them for the benefit of 
future generations of farmers is rendered correspondingly difficult. 

The lesson that every badger in Wyoming, Colorado, Texas, and 
other western States has a distinct money value to the public, and 
that the wanton slaughter of one is a crime against good citizenship, 
is as yet unlearned by the majority of the population. Foxes, skunks, 
weasels, and in certain regions even coyotes, have their appointed 
places on the force of nature's policemen, and a knowledge of the 
part they play and of the nature and extent of the good they do, as 
well as of the harm, should be universal. 

VAIiUE OF GAME ANIMALS. 

Elk and deer, once so numerous and widespread in the United 
States, have become so diminished in numbers that to the bulk of our 
citizens venison has become only a tradition. But by the establish- 
ment of game preserves, national parks, and national forests, and by 
the enactment of wise legislation the scale has been already turnedf, 
and the perpetuation of these, the most valuable of our lar^ game 
animals, seems assured. If, however, they are to retain their place 
among the national resources and are to become a source of pecuniary 
profit, something more is necessary than to provide for their con- 
tinued existence. Since they are among the easiest of animals to 
domesticate, it is believed, and indeed it has been already demon- 
strated, that they can be reared in small inclosures and on tracts of 
brushy land not fit for cultivation. Thus extensive tracts of waste 
land may be put to profitable use, and at the same time our decreas- 
ing meat supply may be materially augmented and its price lowered 
so as to bring fresh meat within the reach of a considerable part of 
the population now unable to procure it. One deer breeder states 
that 20 deer may be kept at the cost of keep of a single Jersey cow. 

Vali^ of uild game, — ^The number of wild deer killed annually in 
the United States is not known, but the annual kill in six of the 
Northeastern States (Maine, New Hampshire, Vermont, New York, 
Pennsylvania, and Michigan) is about 35,000. The resulting veni- 
son at 20 cents per pound is worth considerably more than a million 
dollars. To this should be added the value of hides, trophies, and 
other products of deer. Bear also are killed in these States, and have 
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a material annual value. Besides, in Maine, about 300 moose are 
killed annually, the meat, hides, and trophies of which are worth at 
least $25,000. 

In the States west of the Mississippi Valley the game mammals com- 
prise several kinds of deer, elk, moose, antelope, mountain sheep, 
mountain goat, and bear, and the annual kill is very large, but exact 
statistics as to numbers and values are lacking. 

Game birds, including ducks and geese, snipe, plover, and other 
shore birds, and the various kinds of grouse and quail, are shot in 
great numbers in everv State in the Union, and in the aggregate have 
an enormous food and pecuniary value. 

The annual revenue from hunting licenses is large and is steadily 
growing. In 1907 resident licenses were req^uired in 21 States, non- 
I'esident in 43. From the rapidity with which the license system is 
spreading, it is obvious that in a very few years it will be general and 
that the annual revenue from this source alone will exceed $3,000,- 
000 — a sum considerably in excess of that required for the support of 
an ample warden service; so. that the returns from sale of licenses 
will be a source of direct revenue to the State.* 

VALUE OF WILD FUB-BEABINO ANIMALS. 

North America was formerly the richest fur-producing region in 
the world, but now the stock of fur-bearing animals is greatly de- 
pleted, and the supply falls far short of the demand. Still, the 
annual export of raw furs from the United States is valued at from 
$7,000,000 to $8,000,000, and the furs retained for home manufacture 
reach an even higher figure, so that it is probably within bounds to 
say that the present value of the annual catch of furs in the United 
States is between $15,000,000 and $20,000,000. The growing scarcity 
of the more valuable fur bearers has produced in the lower trades a 
great increase in both demand and price. What is needed in the 
case of this group of mammals is wise husbanding of the wild stock, 
which everywhere is diminishing under the growing demand for furs 
and the rapid encroachment on their original domain by our ever- 
expanding civilization. Under proper restrictions, the stock of fur- 
bearing animals, particularly in mountainous regions and in the 
national forests, may, without cost for maintenance, be brought to 
yield a large annual revenue. 

It is fortunate that one of the most valuable of the fur bearers, the 
silver fox, can be reared in a semidomesticated state, and it is be- 
lieved that the industry of fox farming is* likely to prove a perma- 
nent occupation in northern districts where the fur attains its best 
development. 

LOSSES FROM DESTBUCTIVE BODElt^TS. 

Another important lesson to be learned is the need of cooperative 
effort in reducing the numbers of the small rodents that prey upon 
our field and garden crops, nursery stock, and planted seeds. The 
annual losses to agriculture from the ravages of our native rodents — 
chiefly ground squirrels, gophers, rabbits, prairie dogs, and field 

« In lUinois the revenue from sale of licenses in 1907 was $145,905, exclusive 
of the cost of collection. In California the revenue from sale of licenses in 
1907 was $118,427. The total sum actually available for game protection in 
1905 was about $1,000,000. ^ , 
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mice — amount to about $37,000,000, to which must be added an even 
larger sum, estimated at nearly $56,000,000, for the loss^ caused 
by European rats and house mice. These small rodents — singly in- 
significant, collectively an unmitigated pest — are everywhere a steady 
drain on production, and in places threaten the very livelihood of the 
small farmer. To rid restricted areas of them is easy, but attempts 
to rid large areas often fail simply for lack of the necessary coopera- 
tion. As at present conducted the war against them is never ending, 
because when destroyed on a given tract others quickly come in from 
adjoining lands, so that the work must be repeated again and again, 
entailing large expenditures without permanent results. 

LOSSES FBOM THE LABOEB CABNIVOBGUS MAMMALS. 

It has been estimated by stockmen that in Wyoming alone the 
losses from predatory animals — wolves, coyotes, and cougars — amount 
to $1,000,000 a year. This is about 3 per cent of the total value of 
the stock of the State. Assuming that the percentage of loss in the 
other States similarly infested ranges from one-tenth of 1 per cent 
to 2 per cent of the value of the stock, the annual loss to the United 
States is $13,844,000. This estimate does not include the value of 
game animals killed by carnivorous mammals, which aggregates 
several million dollars yearly. When the methods of destruction 
and repression recommended by the Biological Survey and put into 
practice bv the Forest Service are extended over the wolf -infested 
country, about $7,000,000 may be saved annually. 

This report shows that by the preservation and increase of our 
useful birds and game animals, and by the application of methods 
developed by the Biological Survey for the destruction of noxious 
species, millions of dollars may be saved annually ; while the breeding 
of fur-bearing animals and the raising of deer and other game for 
market suggest what can be done by ailificial means to increase 
natural resources now on the verge of exhaustion. 

THE DEVELOPMENT OF GAME AS A NATUBAL BESOUBCE. 

The game of the United States has never been systematically de- 
veloped. The supply has usually been treated as inexhaustible, to be 
appropriated or destroyed at the whim of the individual, regardless 
of the future or the rights and interests of others, and only recently 
and in a few States has it been developed for the benefit of the people 
in general. The results of these wasteful methods are matters of 
common knowledge and are well exemplified in the case of the buffalo. 

The actual destruction of the buffalo occupied less than twenty 
years, as shown by the following estimates of wild buffalo in the 
United States :« 

1871 (Hornaday) 5,000,000 

1889 (Hornaday) 285 

1897 (practical extermination outside of parks) — 

1903 (Baker) 34 

1908 (Hornaday) 25 

« Including the wild herd in Yellowstone National Park as follows: 1889, 200; 
1903, 34*; 1908, 25. 
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These figures show clearly the rapidity with which an animal of 
commercial value may be practically exterminated. What is true of 
the buffalo is true also, though in less degree, of several other kinds 
of big game, and of the wild pigeon. Owing to an awakening of 
public sentiment, destruction has recently decreased to an appreciable 
extent, and some kinds of game are now more abundant than they 
were a few years ago. Low- water mark for game in general probably 
occurred in the earlv nineties, and is usually placed about 1895, since 
when, as a result of protection, most species have held their own or 
have even increased. 

CAUSES OF DEPLETION. 

The chief causes of depletion may be briefly summarized as: 
^1^ Killing without provision for maintaining the breeding stock; 
(2) killing during the breeding season, or, in the case of migratory 
birds, en route to the breeding grounds; (3) killing without limit. 

BETTERMENT. 

The means of betterment of present conditions are clearly indicated 
by the causes of destruction just mentioned, and may be stated as 
follows: (1) Absolute protection during the period of reproduction, 
and, in the case of migratory game, during the spring journey to the 
breeding grounds; (2) careful adjustment of the open season so that 
the annual kill shall not quite equal the annual increase; (3) reason- 
able regulation of the methods and extent of killing; (4) provision 
for rearing game in captivity or otherwise, and for caring for wild 
stock during winter; (5) provision of adequate means for establishing 
and maintaining the work of game preservation. 

The need for effective protection and the best means of securing 
it are well understood. The chief obstacle is one of finance, and this is 
being rapidly overcome by a system of hunting licenses which already 
has been put into successful operation in many parts of the country. 
The work has passed the experimental stage and has demonstrated 
not only that game protection can be made self-supporting, but that 
reasonably accurate estimates are possible as to the returns to be ex- 
pected in almost any State. Omitting such centers of population as 
the great cities, it is safe to assume that from 3 to 5 per cent of the 
total population of the State will purchase licenses if a uniform $1 
hunting license is in force. This will create a fund sufficient in almost 
every State to carry on the work. At least 12 States — Alabama, Cali- 
fornia, Connecticut, Idaho, Illinois, Michigan, Missouri, Montana, 
North Carolina, North Dakota, Washington, and Wisconsin — have 
already reached the point where the work of game protection is self- 
supporting. Similar results can be accomplished in most of the other 
States as soon as public sentiment has been awakened sufficiently to 
demand the necessary legislation. In 1905 the funds for game pro- 
tection amounted to nearlv $1,000,000, of which more than $500,000 
was received from fees for hunting licenses, about $350,000 from 
specified appropriations, and the remainder from receipts from fines 
and miscellaneous sources. 

To what extent game may be developed as a national resource can 
only be suggested by a few illustrations. 
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VALUE OF GAME. 

The value of game may be direct or indirect. It may yield the . 
State a direct revenue in the form of fees from hunting privileges 
and leases, and the owner a cash return from its sale for food, hides, 
trophies, and other products, or, if alive, for purposes of propaga- 
tion; it may also directly increase the value of land. The principal 
indirect benefit is from the influx of nonresidents — hunters, photOjg- 
raphers, and summer visitors — attracted by its presence, with the 
resultant employment of gruides, boatmen, and camp help, and coinci- 
dent increase of local business. The permanent financial benefit de- 
rived from this source has been thus summarized by Senator W. P. 
Frye: 

In all times of bnsinesR depressions and distress, financial panics and conse- 
quent unemployment of labor, so seriously affecting the country, the State of 
Maine has suffered much less than any other State In the American Union, 
mostly, if not entirely, due to the large amount of money left with us by the 
fishermen, the summer tourist, and the fall hunter — the seeker after change, 
rest, and recreation.® 

REVENUE FROM HUNTING LICENSES. 

The modem system of hunting licenses in the United States prac- 
tically began in 1895, and has been gradually extended until at pres- 
ent residents are required by nearly half of the States, and non- 
residents by all but 5, to obtain licenses to hunt game. The price 
of a resident license is usually $1, while that of a nonresident license 
varies from $10 to $50. The rapid growth of the license system is 
shown by the fact that in 1903 resident licenses were required in 
13 States, nonresident in 31 ; in 1905 resident licenses were required 
in 17 States, nonresident in 36; and in 1907 resident licenses in 21 
States and nonresident in 43. 

Receipts from these licenses have grown from inconsiderabje 
amounts to large sums, which in several States are amply sufficient 
to support an efficient game warden force, and in a few to provide a 
large surplus available for the introduction and propagation of 
game. Thus in 1907 California collected more than $118,000 from 
the sale of hunting licensas, and Illinois about $145,905.* The returns 
for 1905, the latest year available, are shown in the table on the fol- 
lowing page, which, for purposes of comparison, includes also the 
figures for 1903. 

•Kept. Conmi. Inland Fisheries mid (Jnme of Maine, for 11K)2, p. 21. 
* Total receipts amounted to $101. 943.. '^O, from which have been deducted 
clerks' fees appregatlnj: $4().(KJS.5<). 

72539— S. Doc. G76, 60-2, vol 3 21 
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Number of hunting licenses issued and total fees collected in 1903 and 1905. 





1908. 


1906. 


state. 


Resident. 


Nonresi- 
dent. 


Total 
licenses. 


Total 
fees. 


Resident. 


Nonresi- 
dent. 


Total 
Ucenses. 


Total 
fees. 


Arisona 


1^*370 
96,000 


«34 
315 


316 


(«) 
$15,930 
1,027 


15,010 

161,164 

13,200 

fr 
K 

14,878 
16,861 
47,746 
30,087 
5,202 

^•i 

(«) 
(«) 

13, 187 
(») 

19,856 
(«) 

615 
(«) 

26,015 

^3% 
2,347 


All 

30 
213 
607 
112 
450 
116 


11 
19,394 
213 
607 
15,122 
161,623 
li,316 


$110 


Colorado 


19,980 


Delaware 


516 


Florida 


6,070 
16,050 


Idaho..*.*.'..!.!!.!!!!! 


267 
250 


12,637 
96,260 


14,106 
98,876 


niinols 


127,968 


Indiana 


14,996 


Iowa 


10 
14 

74 










Kftfimw 


(«) 


(«) 


(«) 


20 


42,020 


42,300 


Kentucky 




Louisiana 


C) 

1,697 

26 

45 

333 

(•) 

72 

84 

136 

301 


20 
19,106 
9,243 

3,828 
135 
301 


25,466 

154 

15,421 

14,205 

Vm 

4,584 
1,350 
3,101 






862 


Mftln* 


2,413 

105 
309 

65 
133 
140 
469 
264 

48 
987 

96 

31 
138 


2,413 

347 

14,983 

16, 170 

47,811 

30,220 

6,342 

460 

264 

48 

987 

13,283 

31 

19,994 


33,156 


Maryland 


806 


Michigan 


24,942 


Minnesota 


20,211 


Missouri 


48,r21 


Montana 


32,062 


N«brAfflra ... 


6,602 


New Hampshire 

New Jersey 


4,690 
2,772 


New York 


505 


North Carolina 

North Dakota 

Ohio 


916 
123 
17 
(•) 


916 

11,697 

17 


9,389 

11,766 

429 


10,117 

12,290 

473 


Oregon 


21,236 


Pennsylvania 

finiith DftknfA 










371 


986 


6,278 


Tennessee. 


¥\ 
(«) 

(•) 
14,982 

(«) 

78,164 
299 


40 
30 

659 
158 


40 
30 

14,982 

29 

78,823 

457 


200 
300 

"•^ 

90,169 
8,199 


417 


Utah 


9 
28 
355 

21 
781 
168 


9 

28 

365 

26,015 

21 

74,255 

2,515 


225 


Vermont 


420 


Virginia 


3,550 


Washington 


26271 


West Virginia 

Wisconsin 


336 
88,019 


Wyoming 


12, 149 






Total 


259,288 


5,879 


265, 167 


335,335 


500,284 


8,568 


508,852 


584,640 







• No llcenBe In force. 

* For rate and other details, see Circular 54, Biological Survey, United States Depart- 
ment of Agriculture, 1900, pp. 0. 1.3. 

" Nonresident licenses inseparable from resident licenses. 

Direct income from licenses. — In the States which have adopted 
both resident and nonresident licenses the percentage of licensed hunt- 
ers in 1905 varied from one- fourth of 1 per cent of the population in 
South Dakota to more than 10 per cent in Montana, but in most of the 
States it was approximately 3 per cent. In every case in which the 
proportion was less than 1 per cent the falling off was evidently due 
to imperfect license laws. The figures in the foregoing table furnish 
the best basis at present available for estimating the total number of 
persons hunting m the United States and the amount of revenue ob- 
tainable under a uniform hunting-license law. The population of the 
United States, exclusive of Alaska, Hawaii, and Porto Rico, on Jime 
1, 1905, as estimated by the Census Bureau, was 82,5()5,005. Three 
per cent of this number represents approximately the number of per- 
sons who hunt. In other words, the total number of persons w^ho 
hunted in the United States in 1905 may be estimated at 2,500,000 to 
3,000,000; hence if a uniform law requiring a $1 resident license 
had been in force in all the States the total revenue collected from 
this source would probably have been not less than $3,000,000. 
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ILIiUSTRATIONS OP INCREASE IN VALUE OF LANDS DUE TO PRESENCE OF 

GAME. 

Income from lease of hwrUing privileges, — In North Carolina shoot- 
ing on another person's land without permission of the owner is pro- 
hibited by the game laws. Under this provision a system of leasing 
hunting privileges has grown up in certain counties during the last 
twentv years, especially in the north-central part of the State — in 
Davidson, Guilford, Forsyth, Moore, and Randolph counties. Own- 
ers of adjoining farms agree to permit no hunting on their land 
except by the lessee or his friends m consideration oi the payment of 
a fixed sum or of all the taxes on the property included. 

Guilford Countv, which may be taken as an illustration, has an area 
of 680 scjuare miles, a little more than half that of Rhode Island. 
It contains two important towns, Greensboro and Highpoint. Its 
population in 1900 was about 40,000. On its farms, which average 
100 or 200 acres in extent, wheat, com, cotton, fruit, and vegetabtes 
are the principal crops. In 1904 about 150,000 acres, more than 
one-third the area of the county, was under lease for private game 
preserves, each preserve ranging from a few hundred to 12,000 
or 15,000 acres. Some leases run for one year; others for five or 
ten years, with the privilege of renewal. The amounts paid for 
rental varjr from 5 to 10 cents, based on the ordinary tax rate for 
lands outside the towns, which rate averages about 7 cents per 
acre. Recently a sum amounting to double the tax rate, or even 
more, has been paid by some lessees. More than one-third of the total 
real estate tax of the county, exclusive of that of the towns, is paid 
in this way by lessees of hunting privileges, who, in some cases, assume 
also special township school taxes. In other words, by merely keep- 
ing trespassers off their lands and uniting with their neigh\)ors m 
leasing nunting privileges, farmers may be relieved entirely from 
real estate taxes and may perhaps, in addition, receive each year a 
substantial amount in cadi. 

Increase in value of marsh lands dice to presence of game. — The 
marsh lands of California where ducks are abundant have greatly 
increased in value with the increase in popularity of duck shooting 
during the last fifteen vears. In 1907 more than 100 clubs owned or 
leased game preserves lor shooting purposes. The total area of these 
preserves is unknown, but it is probably not less than 160,000 acres, 
or approximately 250 square miles, and the preserves vary in size 
from a few hundred acres to 46 square miles. The capital invested 
probably amounts to $5,000,000 and comprises not only the value of 
the land (in case of ownership by the club), but also leases and such 
improvements as club houses, farms, and artesian wells, besides boats, 
arks, decoys, and other hunting paraphernalia. The value of the 
property may vary from a few hundred dollars, in case of leased 
grounds, up to a million dollars in case of grounds owned hj a club 
which maintains a club house and develops the hunting facilities of 
the marsh to the highest degree possible. 

Duck preserves in California comprise both fresh and salt water 
marshes, and may be roughly divided into six groups or districts. 
The two most important of these are the Suisun marshes on the north 
side of Suisun Bay, in Solano County, occupied by 12 or 15 clubs, 
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and the marshes in southern California, in Tjos Angeles and Orange 
counties, occupied by some 36 clubs. Thirty of the southern CaB- 
fornia preserves have a combined area of about 40 square miles, and 
represent an investment approximating $8,000,000. 

In 1893 one of the fii-st clubs organized in the State leased 3,000 
acres of land in the Suisun marshes for a term of four years at $1,200 
per year, or an annual rental of 40 cents per acre. A few years ago 
a syndicate is said to have purchased 5,000 acres in the same marshes 
for $100,000, or $20 per acre; and four-fifths of this tract have since 
been sold or disposed of to members of shooting clubs at prices rang- 
ing from $40 to $50 per acre. Similar increases in values have oc- 
curred in southern California. In other words, lands suitable for 
duck preserves, which a few years ago were of little or no value, now 
conunand prices of $40 per acre and upward, and the improvements 
on such property in several instances aggregate thousands of dollars. 

Annual kill of big game in the noi*theastem States, — Moose and 
deer are the only big game animals which can now be killed east of 
the Mississippi River. Moose hunting is permitted only in Maine 
and Minnesota, and deer hunting north of the Mason and Dixon line 
only in Maine, New Hampshire, Vermont, New York, Pennsylvania, 
Michigan, Wisconsin, and Minnesota. Statistics of the actual num- 
ber of moose and deer in any State, or of the annual increase, are not 
available, and only one State — Vermont — publishes a record of the 
number annually killed. Statistics of the shipment of big game are 
collected in Maine and New York, however, and from these, and from 
other data for Pennsylvania and Michigan, it is possible to estimate 
the number annually killed in several of the States. 

Figures for the decade from 181)7 to 1906 are as follows: 

Number of moose shipped in Maine {Bangor and Aroostook BaUroad), 



1897. 
1898- 
1899- 
1900- 
1901- 



139 
202 
166 
210 
259 



1902- 
1903- 
1904. 
1905- 
1906_ 



224 
2:52 
222 
207 
198 



Number of deer killed or shipped in four States, 





Deer killed. 


Beer shipped. 




Vermont. 


Michigan 

(esti- 
mated ). 


Maine. 


New York ( Adirondacks). 


Year. 


Bangor 

and 

Arot)s- 

took 

Railroad. 


AU 
roads.a 


Carcasses. 


Saddles. 


Heads. 


1897 


103 . -. 


2,940 
3, 377 
3,75H 
3,379 
3,H82 
4, 495 
3,7H(i 
3, .'■).'>8 
4,034 
3,377 










1898.. 


\'M 












1899 


!;{(• 












1900 

1901 

1902 


12:^ 
211 
40.-? 
7.W 
631 
497 
634 


J. I)(H) 


' 6,233 ■ 

" '5,853* 
6,475 
6,799 
5,494 


1,020 
1,062 
1,354 
1,961 
1,618 
2,196 
2,413 


»9 
103 
U3 
145 
124 
108 
108 


95 
121 
193 


1903 


2*2. 000 
7.000 
7,000 

10,000 


188 


1904 


152 


1905 


180 


1906 


103 







• statistics from the Maine Sportsman. 
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Explanation of the table. — Statistics of the amount of game killed, 
as an index to relative abundance, are not always directly comparable, 
even in adjoining States, for the reason that the three factors of 
length of season, bag limit, and license fees may conceal or exaggerate 
differences in the returns from different States, or the fluctuations 
from year to year in the same State. For example, the deer season 
in Vermont lasts 6 days, that in Maine 76 days; in Vermont each 
hunter may kill one deer, while in Maine each may kill two; residents 
of Maine and Vermont may hunt without a license; in Michigan 
each must pay $1.50 for the privilege. 

Vermont. — As an illustration of the effects of protection and 
restocking, the statistics of deer killed in Vermont are the most 
accurate and interesting of any in the United States. Thirty years 
ago deer in Vermont had been practically exterminated, except in the 
extreme northeastern corner (in Essex County). About this time a 
few deer were liberated in the southern part of the State, and these 
two centers (Essex and Rutland counties) have supplied the stock 
which has now spread over the State. Deer hunting was prohibited 
for a number of years, the first open season beinff that of 1897. The 
table indicates that from 1897 to 1906 the annual kill increased more 
than 600 per cent. The actual abundance of the animals must also 
have greatly increased, for the open season, originally the entire 
month of October (1897-1898), was shortened after 2 years to the 
last 10 days in October (1899-1903), and 4 years later to the last 
C days in October (1904-1906). Moreover, since 1904, nonresidents 
have been required to pay a license fee of $15, and the number of 
visitors from other States who formerly visited Vermont to hunt 
deer may have been reduced in consequence of this additional 
expense. 

Michigan. — Fluctuations in the figures for Michigan are due to a 
combination of causes, artificial as well as natural. In 1900 the 
season opened with sufficient snow for tracking, and in consequence 
large numbers of deer were killed. In the following year changes 
in the game law prohibited sale and reduced the number of deer 
allowed each hunter to three. These circumstances explain in large 
measure the reduction of 50 per cent in the number of deer killed. 
The falling off in 1904 was due to a light snow, and that in 1905 to 
tJie same cause, and probably also to the fact that the cost of the 
resident hunting license was doubled. 

Maine. — ^The only statistics available for a period of years are 
those for shipments over the Bangor and Aroostook Railroad. But 
in recent years data are available From other railroads also, and these 
indicate that the returns from the Bangor and Aroostook Railroad 
should be considerably augmented to represent the total number of 
deer shipped in the State. For example, in 1005 and 1906 the 
figures for the Bangor and Aroostook Railroad are 4,634 and 3,377, 
respectively, while those for all the roads are 6,799 and 6,494, 
respectively. 

plew York. — In New York the deer shipments from the Adiron- 
dacks are reported as carcasses, saddles, and heads, but it is impossible 
to tell exactly how many deer are shipped, for the reason that a 
saddle and a head may or may not represent parts of the same 
animal. In addition to the deer killed in the Adirondacks, a few 
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are obtained in other counties, and about 50 or 100 annually on Long 
Island. In 1895 and 1896 the fish, ^ame, and forest commission 
reported the total number killed in the State at 4,900 and 5,247, 
respectively, but in recent reports the annual kill is not estimated. 
In view of the fact that smce 1895 shipments have more than 
doubled, 5,000 may be accepted as a conservative estimate of the 
number killed in 1906. 

Estimates of annual kill of deer, — Estimates of the number of deer 
killed in 1906 in Maine, Vermont, Pennsylvania, and Michigan have 
been made by the state game conmiissioners. It is probable that the 
number killed in New York is not less than 5,000, and that in New 
Hampshire the season's yield is approximatelv the same as that in 
Vermont. On this basis the total number of deer killed in these six 
Northern States is about 35,000, as follows: Maine, 18,000; New 
Hampshire, 600; Vermont, 634; New York, 5,000; Pennsylvania, 
800; Michigan, 10,000. Total, 35,034. 

Value of venison. — Assuming the average weight of a dressed deer 
to be 150 pounds,* the total quantity of venison produced in these six 
States in 1906 was about 5,255,000 pounds. At an average value of 
20 cents a pound this would be worth $1,051,000. 

FINANCIAL BENEFITS ACCRUING FROM PRESENCE OF HUNTERS AND SUM- 
MER VISITORS. 

In 1902 the commissioners of inland fisheries and game in Maine 
endeavored to ascertain the number of nonresidents who visited the 
State (exclusive of seaside resorts) for the purpose of fishing, spend- 
ing vacation, or hunting, and the amount of money left in the State 
bjr such visitors. Of sixteen counties in the State, no returns were re- 
ceived from Lincoln and Sagadahoc, and only incomplete returns 
from Aroostook, Franklin, Penobscot, Piscataquis, Somerset, and 
Washington. According to the statistics collected, the visitors in 
1902 numbered 133,885, and paid for board $1,371,201 and for guides 
$300,000. Their presence involved the employment of 3,965 per- 
sons — 1,401 males and 2,564 females. The figures for receipts, wages, 
and capital invested are as follows: 

Receipts^ wages, and capital invested on account of summer visitors ^ Maine. 

1902. 

Cash received for board of visitors $1,371,201 

Wages for male help 153,541 

Wages for female help 114,398 

Value of boats, canoes, and launches 815,048 

Money invested in summer hotels, cottages, and hunting camps 5, 541, 274 

Statistics of the amount of money paid for railroad, electric car, 
and steamboat fares, for team hire, and for other purposes are not 
available. The commissioners add: 

It is believed that a most conservative estimate would be that these yisltors 
leave at least $100 each, on an average, In the State. Indeed, some of them 
spend more than $50 a day, and a good many of them spend several thousand 
dollars each year. 

• That these estimates are conservative is shown by the fact that the average 
weight of dressed deer killed in Vermont in 1905 was 198 pounds, while in New 
York the heaviest bucks occasionaUy weigh 265 or rarely 286 pounds. The value 
of venison varies greatly with the market where it la sold. 
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It will be seen, therefore, that if they spend on an average $100 each, over 
$13,000,000 are left by them in Maine each year ; or If they spend but $50 each 
they leave six millions and a half of money with us annually. (Rept Conmi. 
Inland Fisheries and Game, 1902, pp. 34-35.) 

TABMINP DEEB AND OTHEB GAME. 

As a result of the growing scarcity of game the supply of venison 
and game birds is wholly inadequate to the demand, and the time 
seems to have arrived for the propagation of game on private pre- 
serves or game farms. 

The raising of venison and game birds for market is as legitimate 
a business as the growing of beef and mutton, and state laws when 
prohibitory, as many of them are, should be so modified as to en- 
courage the industry of game breeding. Deer and elk may be raised 
to advantage in forests and on rough bushy ground unfit for either 
agriculture or stock raising, while ducks and other waterfowl may 
be bred on otherwise valueless marshes, so that 'large areas of 
waste land may be utilized for profit. An additional advantage is 
that the business is well adapted to landowners of small means. Be- 
sides supplying game for market, breeders of game mammals and 
birds may find even greater profit in raising them for stocking pre- 
serves. For many years to come the demand for this purpose is likely 
to exceed the supply. 

VALUE OF FUB-BEABINO ANIMALS. 

The United States, with Alaska and outlying islands, forms a large 
part of what was once the richest fur-producing region in the world. 
Its present output is still large, but it is obtained with increasing 
difficulty and the future is very uncertain. Excepting the arid and 
treeless parts of the West, practically all the territory now included 
in the United States was inhabited originally by animals bearing 
valuable pelts. In the Eastern States these animals were speedily 
reduced in numbers or driven to less accessible regions, and their 
pursuit as a business soon passed to the Western and Northern States. 

With the purchase of Alaska in 1868 the United States became more 
than ever ioentified with the fur trade, for in addition to great quan- 
tities of less important kinds this great territory produced a majority 
of the world's supply of fur seal and sea otter skins and a consider- 
able proportion of silver-black fox, three of the most valuable" of 
fui-s. But even in Alaska the pace set was too rapid, and the natural 
increase of the animals failed to keep up with it. 

Although the ranges of the more important fur-bearing animals 
have become more and more restricted, and the animals memselves 
have rapidly diminished in numbers, still the annual volume of trade 
as expressed in dollars and cents has remained remarkably uniform, 
even showing a tendency to increase. Thus the exports of raw furs in 
1890 amounted to $4,661,934, in 1895 to $3,923,130, in 1905 to $6,599,- 
222, and in 1906 to $8,002,282. For the twenty-five years from 1875 
to 1900 the average annual export value of furs was more than $4,000,- 
000, the total for this period, therefore, being over $100,000,000. 
Tliese figures are explainable only by the fact that many furs have 
doubled, trebled, and even quadrupled in price; so that, although 
total receipts do not fluctuate greatly, the number of pelts marketed 
annually is much smaller than formerly. 
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As indicating the extent of the annual fur trade in the United 
States, the following table is given, being an estimate of the number 
and value of certain of the more important furs produced in the 
United States during 1900 :« 



Designation. 



Beaver... 
Fur seal.. 
Mink.. 



Number 
of skins. 



8,000 
24,000 
678,000 

Muskrat 4,036,000 

Otter 14,600 

Seaotter '" 



Total value. 



Value. 



$39,860 
660,000 
810.000 
665,000 
93,360 
133,080 

92,302,100 



The accompanying table shows the value of furs exported yearly 
from the United States since 1890: 

Value of furs exported from the United States, 1890-1907.^ 



Year. 


Value. 


1890 


$4,661,934 
3,236,705 


1891 


1892 


3,586,339 


1893 


3,699,579 
4,238,690 


1894 


1806 


3, 923, 130 


1896 


3,800,168 





Year. 


Value. 


1897 


13,284,349 


1898 


2, 986, 970 


1899 


3,092,846 


1900 


4,503,968 


1901 


4,404,448 


1902 


5,030,204 


1903 


6, 181, 115 



Year. 


Value. 


1904 


$5,422,046 


1905 


6,599,222 


1906 


8,002,282 


1907. 




7,139,221 


Total exports, 
1890-1007.... 




$83,704,116 



• From Commerce and Navl^tion, Bureau of Statistics, U. S. Dept Commerce and 
Labor. 

Average annual value for these eighteen years, $4,655,228. 

INCREASED DEMAND FOR AND PRODUCTION OF LOW-GRADE FURS. 

That the supply of the better grades of furs is unequal to the 

E resent demand is proved not only by the higher prices they bring, 
ut also by the steady increase in the quantity of cheaper furs used 
and by the additional fact that these cheap furs have gradually 
brought higher and higher prices, until now they command prices 
equaling or exceeding those formerly paid for better furs. Very large 
quantities of cheap furs are manufactured in the United States, in 
addition to those sold in the London market, but statistics of the 
home-manufactured product are not available. 

The fur of skunks, for example, was practically unnoticed prior to 
1850. In 1851 the Hudson Bay Companv offered 1,453 skunk skins 
for sale, and for twenty years the annual number sold was scarcely 
more than 10,000. In 1801 the number had increased to upward of 
400,000, and the increase, both in number and price, has continued 
to the present time, the number reaching 1,368,475 skins in 1907, as 
shown by the following table : 

« From Ann. Kept U. S. Comm. Fisheries, 1902, p. 2S7. 
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Skunk fur sold in London market.^ 



Year. 


Number of 

SklDS. 


Advance' Decline 

1 


1801 


422,398 
635,800 
676,472 
739,228 
642,886 
796,750 
872,323 
482,130 
426,610 
606,686 
606,961 
073,606 
087,660 
911,923 
952,640 
1,226,682 
1,368,476 


Per cent. Per cent, 

(b) 


1802 


...../.... io 


1893 


Hi 

20 


1804 


1896... .... , .. . 


(c) 


i896 


...,./.... 32J 


1897 




(6) ' 


1898 


224:::::::::. 


1809 


co 


1800 


Iti 1 


1901 


i 12 


1902 - -- 


26 


1903 


• 


5 1 


t904 


! i2i 


1906 


25' * 


1906 




1907. . . 









" Compiled from London sales. 



* Stationary. 



*> No report. 



Muskrat fur has been in use much longer than skunk, but for 
years was little vahied. Now it has been computed that about 5,000,- 
000 animals are killed annually. The total product of this fur in 
the United States is now worth at least $1,000,000 annually. 

Muskrat fur sold in London murkcL^ 



Year. 


Number of 
skins. 


Advance 
in price. 


Decline 
in price. 


1801 


1,832,966 
2,182,786 
3,144,236 
3,662,076 
2,565,167 
3,028,683 
2,341,283 
2,674,651 
1,763,237 
9,608,362 
3,408,447 
4,733,479 
4,321,489 
4,477,937 
6,227,461 
4,993,080 
3,391,494 


Percent. 
10 


Per cent. 


1892 


40 


1803 


6 




1804 


(*') 


1806 




16 


1806 


40 
10 




1807 




1806 




1800 


10 


1900 




10 


1901 




1902 


35-70 




1903 




1904 




1905 


16 


1906 






1907 













• Compiled from London sales. * Slight. « Stationary. ' About stationary. 

Increased prices have given greater incentive to the pursuit of 
fur-bearing animals, so that the work of extermination begun decades 
ago has progressed in recent years with ^eater and greater rapidity. 
The most conspicuous examples of rapid decrease are those of the 
sea otter and the fur seal. From 1873 to 1885 the annual catch of 
sea otters in Alaskan waters was from 3,000 to 4,000 skins. Estimat- 
ing these conservatively as worth $300 each, the total yearly value 
was about $1,000,000. In 1895 the catch had dropped to 887, and in 
1905 to 320, a decrease of approximately 90 per cent in twenty years. 
The Pribilof fur seals, which once yielded millions of dollars, have 
decreased enormously during the past twenty years. Thus the aver- 
age yearly catch on the islands from 1868 to 1889, inclusive, wa3 
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104,834, while for the years 1904-1906 it averaged 13,249. In other 
words, an important source of revenue in a region otherwise unpro- 
ductive IS gradually being destroyed. 

Comparison of the value of the total shipment of furs from 
Alaska for the past five years, 1903-1907, with the figures for cor- 
responding previous periods, emphasizes the fact that the actual 
number of furs formerly exported annually was so much greater than 
now that even at the comparatively small prices then prevailing the 
value of the exports for each of the two periods from 1881 to 1885, 
inclusive, and from 1886 to 1890, inclusive, was practically five times 
as great as during the past five years. 

Shipments of furs from Alaska, 



Year. 



1903. 
1904. 
1905. 
1906. 
1907. 



Total shipments for past five years. 

Total shipment 1881-1800 a 

Total shipments 1871-1880a 

Total shipments 1868-1870 « 



To foreign 
countries. 



$6,550 
21,099 

7,331 
12,466 

1,114 



To United 
States. 



$423,606 
449,497 
494,764 
494,911 
646,652 



Total 
shipments. 



$430,165 
470,500 
501,095 
607,377 
647,766 



$2,556,990 
23,725,783 
21,049,940 
3,743,206 



•Population and resources of Alaska, Eleventh Census (1890), p. 215, 1893. 



DECREASE AND REMEDIES. 



Accurate figures showing the rate of decrease of the wide ranging 
smaller fur-bearing animals are not obtainable, but most of mese 
animals are everywhere greatly reduced in numbers, and throughout 
a large part of their original range are practically extinct. The 
beaver, for example, which was formerly abundant over three-fourths 
of North America, is now extinct in more than half of this area, and 
over the remainder occurs only in relatively small numbers. In 1870 
the number of beaver skins exported from North America was ap- 
proximately 225,000 ; in 1890 it had diminished to 82,000. Other fur 
bearers, as foxes, martens, fishers, and land otters, are similarly 
decreasing, as shown by the number of skins exported. 

Throughout the length and breadth of coniferous forests of the 
Rocky Mountains from Montana to New Mexico, and of the Sierra- 
Cascade Range from the State of Washington to southern California, 
fur-bearing animals were formerly so abundant as to form the 
principal source of revenue to the early explorers and settlers. Now 
they are so scarce as to be unimportant. The cause of this ^eat de- 
crease over more than 150,000,000 acres of our public domain is not 
so much overtrapping as overgrazing. Overgrazing by sheep has 
converted many thousands of miles of brushy slopes and mountain 
meadows into barren deserts, destroying the cover which sheltered the 
hordes of small mammals and birds on which the fur bearers subsist. 

The practical extinction of fur-bearing animals in areas suitable 
for settlement and for the development oi agriculture or manufactur- 
ing is inevitable, but in areas not needed for the development of in- 
dustries there is no necessity for their utter depletion. The greater 
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part of the vast territory of Alaska and thousands of square miles of 
national forests, national parks, and other wild forest lands in the 
United States when not injured by overgrazingoffer ideal conditions 
for the continued existence of these species. These animals, if fos- 
tered in such regions, will not only prove a valuable asset in them- 
selves but in many localities will ada to the value of the forest, for 
most of them prey upon the insects and gnawing animals which are 
constantlv at work injuring trees and devouring seeds on which the 
future life of the forest depends. 

The remedy seems to lie in the prevention of overgrazing and in 
the enactment of laws limiting the open season for trapping. Many 
of the States have already realized tne necessity for such legislation 
and have acted accordingly. It remains only for other States and 
the National Government to follow their example in order to provide 
for the preservation arid utilization of an important natural resource 
which, at no cost for maintenance, may be made to yield a substantial 
annual revenue. 

A good example of such protective laws is the one passed by the 
State of Michigan in 1897, extracts of which are here given. 

AN ACT For the protection of certain fur-bearing anlmala 

[Act 86, P. A. 1897.1 

The people of the State of Michigan enact: 

(518) Paragraph 5825. Section 1. It shaU not be lawful for any person or 
persons to trap, catch, kill, or destroy, or attempt to trap, catch, kill, or destroy, 
by any means whatsoever, any beaver In this State untU the thirty-first day of 
Deceml>er, nineteen hundred ten. ^ 

(519) Paragraph 5826. Sec 2. No person shall hunt, trap, catch, kill, or 
destroy, or attempt to hunt, trap, catch, kill, or destroy, within this State, by 
any means whatsoever, any otter, fisher, or marten, from the first day of May in 
each year to the fifteenth day of November following thereafter. 

(52Jb) Pararraph 5827. Sec. 3. It shall be the duty of every person having 
knowledge or Information that acts amounting to a violation of this act have 
been committed to at once report the same to the State game and fish warden, 
or to the deputy game and fish warden residing in or having supervision over 
the county wherein the alleged violation was committed, or to the prosecuting 
attorney of such county, whose duty It shall be to forthwith prosecute the 
offender. 

(521) Paragraph 5828. Sec 4. Any person who shall be found guilty of a 
violation of any provisions contained In the foregoing act shall, upon conviction 
thereof, be deemed guilty of a misdemeanor, and be punished by a fine of not 
less than ten dollars, nor more than fifty dollars, and the costs of prosecution, 
or Imprisonment In the county Jail not to exceed ninety days, or both such fine 
and Imprisonment, in the discretion of the court 

AN ACT to protect mink, raccoon, skunk, and muskrats during the months of 
September and October In each year, and to provide a penalty for the viola- 
tion thereof. 

[Act 201, P. A 1899.1 

The people of the State of Michigan enact: 

(522) Section 1. That It shall not be lawful for any person or persons to trap, 
hunt, shoot, or kUl any mink, raccoon, skunk, or muskrat In this State during 
the months of September and October in each year; (o) except It be on his own 
premises, and such person can prove that the said animal was damaging him : 
Provided, however. That this act shall not be construed so as to repeal act 
number twenty-seven of the session of eighteen hundred ninety-seven ; Pro- 
vided further. That nothing in this act shall prevent water-power owners from 

•Am. 1905, act 204. 
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killing or destroying muskrats within one-half mile of any water power in this 
State: And provided also. That nothing in this act shall be construed to pre- 
vent owners of dykes from killing or destroying muskrats on or along such 
dykes when damaging such dykes. 

(523) Sec. 2. Any person who shall be found guilty of violating any of the 
provisions of this act shall, upon conviction thereof, be deemed guilty of a 
misdemeanor, and shall be liable to a fine of not more than one dollar and 
costs of prosecution for each and every animal killed. 

ECONOMIC BELATIONS OF BIBDS. 

So important are birds as conservators of the forest and as protect- 
ors of farm crops that neither forestry nor agi'iculture could be suc- 
cessfully practiced without their aid. As year by year the value of 
farm, and orchard products increases, so the value of birds as con- 
servators of the farmers' interests increases. The need of adequate 
legislation in favor of insectivorous birds was never so great as now, 
and it is probable that in the future protective laws will be still more 
important. Insectivorous birds spend their lives in the pursuit of 
insects, vast numbers of which are required for their support. The 
seed-eating birds attack noxious weeds at the most critical stage of 
their existence, during and after seeding, and as seeds constitute 
for these birds the staff of life the quantity they destroy is incal- 
culable. No labor-saving machine has ever been devised fliat e<^uals 
the value to the farmer of the seed-eating birds. The predatory birds, 
mainly hawks and owls, render an even greater service, keeping down 
the hordes of mice, gophers, ground squirrels, and other vermm that 
destroy crops. It is not too much to say that such outbreaks as the 
recent field-mouse plague in Nevada would never occur were it not 
that our predatory animals have been so greatly reduced by ruthless 
killing that they are no longer able to prevent the increase of these 
pests. 

A good illustration of the costliness of popular misconceptions as 
to the economic status of some of our common birds 'and mammals 
may be found in the so-called " scalp act " of Pennsylvania, passed 
in 1885. This act provided a bounty of 50 cents each on hawks, owls, 
weasels, and minks killed within the state limits and a fee of 20 cents 
to the notary or justice taking the affidavit. As a result about $90,000 
was paid in bounties during the year and a half subsequent to the pas- 
sage of the act. This amount represents the destruction of at least 
128,571 of the above-mentioned animals, most of which were hawks 
and owls. Estimating that 5,000 chickens are annually killed in 
Pennsylvania by hawks and owls, and that their value is 25 cents 
each (a liberal estimate in view of the fact that a large proportion 
of them are killed when very young), the total loss of poultry in a 
year and a half would be about $1,875. It thus appears that $90,000 
were paid by the State of Pennsylvania to save its farmers a loss of 
less than $2,000. But this estimate by no means represents the actual 
loss to the farmer and taxpayer of the State. It is safe to say that 
every hawk and owl yearly destroys at least 1,000 mice, or their 
equivalent in insects, and that each mouse or its equivalent so 
destroyed would cause the farmer a loss of 2 cents per annum. Thus 
the lowest possible estimate of value to the farmer of each hawk and 
owl would oe $20 a year. The actual loss to the State, therefore, by 
the destruction of 128,571 of its benefactors in a year and a half was 
about $3,850,000. Even these figures, enormous as they are, do not 
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represent the entire loss to the State, since the destruction of such 
a vast number of predaceous birds and mammals is sure to be fol- 
lowed by a corresponding increase in the number of mice and insects, 
their natural prey, and years must elapse before the balance of nature 
thus destroyed is restored. 

LOSSES FROM CABKIVOBOXJS MAMMALS. 

Wolves are still numerous in parts of Wyoming, Montana, the 
Dakotas, Nebraska, Kansas, Colorado, New Mexico, Arkansas, Okla- 
homa, Missouri, Michigan, Wisconsin, and Minnesota, and yearly 
destroy great numbers of cattle and horses. Coyotes are numerous 
over a still larger area and destroy vast numbers of sheep, while 
cougars, or mountain lions, in certain parts of the West kill annually 
so many colts that they must be reckoned with as an economic factor 
of considerable importance. 

Bounties have had little effect in exterminating predatory animals, 
or even in permanently reducing their numbers. Thus, in Wyoming, 
where liberal bounties for wolves and coyotes have been paid for the 

East twelve years, both animals are still numerous. This is diown 
y the following table: 

Bounty records for twelve years in Wyoming, 



Year. 



1886 

1W6 

1897 

18Wa 

1809 and igoob. 
1901 and 19026.. 
1903 and 1904 ». 
1906 and 1906 b. 



Number 
of 

wolves 
on which 

bounty 
was paid. 



1,699 

3,365 

897 



Bounl7 
per wolf. 



Total 
amount 
paid In 
bounties. 



15,097 
10,095 
3,588 



4,908 
4,480 
2,256 
3,214 



14,724 
13,440 
11,280 
9,642 



Total for 11 yearB. 



20,819 



67,866 



<■ Sittdes not reported spparately; S14,160.25 paid on wolves, coyotes, and mountain lions. 
b Bfemiial reports not separated by years. 

In 1906 Mr. Victor Culberson, president and manager of the 
G. O. S. Cattle Company, on the Gila Forest Reserve, Grant County, 
N. Mex., estimated the loss of cattle killed by wolves to be 10 per 
cent of the herd. This loss was sustained under a bounty system of 
$20 per head for wolves, as shown in the following table : 



Bounty records for four years in Orant County, N, 


Mew. 




Year. 


Number 
of 

wolves 
on which 

bounty 
was paid. 


Bounty 
perwoU. 


Total 
amount 
paid in 
bountiea. 


1908 


11 
33 
54 
29 


120 
20 
20 
20 


1220 


1008 


660 


1904 


1,090 
580 


1906 






Total for 4 years ..^ . 


137 




2,540 
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Although no exact figures are available, the following estimate is 
probably not far from the truth and is at least safely conservative: 

A prominent stockman of Wyoming estimates tne losses from 
predatory animals in that State at $1,000,000 a year, or about 3 
per cent of the total value of the stock of the State. Assuming that 
the percentage of loss in other States infested by wolves, coyotes, 
and cougars ranges from one-tenth of 1 per cent of the value of the 
stock to 2 per cent (the estimate being made from known condi- 
tions), the annual losses aggregate as follows: 

Range cattle _' ^-_> $5,889,000 

Horses and mules 1,636,000 

Sheep 4,152,000 

Hogs 584, 000 

Goats 83,000 

$12,344,000 

Poultry (by coyotes, wildcats, foxes, mink, weasels, etc) 1,500,000 

Total 13, 844, 000 

This estimate does not include the game animals destroyed by 
carnivorous mammals, the value of which aggregate several million 
dollars yearly. 

Thus the combined losses of stock and wild game from predatory 
mammals, especially from wolves and coyotes, amount to many 
millions annually. The extermination of these animals under present 
conditions is not possible, nor indeed is it necessary, since by ener^tic 
and concerted action throughout the infested States their numbers 
can be permanentlv reduced and the losses kept down to a minimum, 
with or without the offering of bounties. It is safe to sav that by 
the methods recommended by the Biological Survey, and actually 
put into effective operation in and adjacent to the national forests by 
the Forest Service, fully half this loss, about $7,000,000, may be 
saved each year. 

LOSSES FBOM BODENTa 

Prairie dogs, — Prairie dogs infest most of the open plains country 
of the United States from near the Canadian boundary south into 
Mexico, and from a little east of the one hundredth meridian west- 
erly to the foot-hills of the Rocky Mountains, and also a considerable 
part of the plateau country still farther west Their colonies — 
" dog towns, as they are commonly called — vary in extent from a 
few acres to thousands of square miles and are inhabited by thou- 
sands and in some cases by millions of animals. Colonies 20 to 30 
miles in length are not rare, and in Texas one is known which meas- 
ures 250 miles one way by 100 to 150 the other, covering an area of 
about 25.000 square miles. The number of holes in use m each acre 
varies from a few to upward of a himdred, and probably averages 
at least 25. In winter and early spring the usual number in each hole 
is two (a pair), while after the birth of the young the number is 
at least quadrupled, and then decreases with the advance of the sea- 
son, as the young are killed by their enemies. It is certainly a con- 
servative estimate to assume the average number of animals per acre 
to be 25. On this assumption, the number of prairie dogs in the great 
Texas colony must be at least 400,000,000. 
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It is estimated that 32 prairie dogs consume as much grass as 1 
sheep, and 256 prairie dogs as much as 1 cow. On this basis the grass 
annually eaten by these pests in the great Texas colony would sup- 
port 1,562.500 head of cattle. It is no wonder, therefore, that the an- 
nual loss rrom prairie dogs is said to range from 60 to 75 per cent of 
the producing capacity of the land and to aggregate millions of 
dollars. The annual rental value of range land for grazing purposes 
is from 8 to 15 cents per acre. At an average damage of 5 cents per 
acre the loss amounts to $1,500,000 per year. But grass is by no 
means the only crop injured by praine dogs, for they are extremely 
destructive also to grain and other products of the soiL The annual 
loss to farmers from this source probably reaches $1,000,000, making 
the total annual loss about $2,500,000. . 

In the open grazing regions where natural conditions prevail 
prairie do^ usually increase slowly and do not extend their range 
rapidly. But the settlement of an infested district usually results 
in a large increase of the food supply and is followed by a rapid ex- 
tension of range and great increase in the numbers of the pests. 
Even in areas where they were not particularly numerous previous 
to the arrival of the farmers, they soon become so abundant that 
without some cheap and successful method of destroying them prof- 
itable agriculture oecomes impossible. 

In the State of Kansas in 1901, 2,500,000 acres were occupied by 
prairie-doff colonies. Here as elsewhere the animals damaged the 
pasture fully 50 per cent, the actual loss amounting to half the rental 
value of the land, which ranged from 4 to 12 cents per acre. The an- 
nual loss to the cattle owners of the State was estimated at $100,000, 
and the loss to crop producers at nearly as much more. In 1902 the 
State took the matter in hand and organized a campaign of exter- 
mination. The State furnished poison at cost of manufacture, and 
the work was done under township supervision, the funds being raised 
by taxation. The total expense, distributed over five years 
(1902-1906), was about $85,000, or slightly more than 4 cents per 
acre, as a result of which the prairie dogs were destroyed on at least 
2,000,000 acres of infested land. 

The ^od effects on the pasturage were apparent the first year after 
the prairie-dog town was destroyed, especially where the mounds were 
leveled. New grass came in on the bare spots and ctcw luxuriantly. 
Cattle preferred the parts of the pasture where the " dog town " had 
been located; whereas when the dogs were present these had been 
carefully avoided. The sustaining capacity of the land was greater 
than ever before and a large increase was noted in the selling value. 
The annual saving to the people of western Kansas is fully double 
the total cost of the entire work of extermination. It is obvious, there- 
fore, that by the systematic use of well-tried methods over the coun- 
try now sunering large annual losses from prairie dogs the total of 
these losses may be easily reduced by at least $1,000,000. 

Ground squirrels. — Ground squirrels occur almost everywhere from 
the Mississippi Valley to the Pacific Ocean, and one species ranges 
east to Indiana and southern Michigan. The extent of the area they 
inhabit collectively is about 1,900,000 square miles, or 1,216,000,000 
acres. The more destructive species occupy about 825,000 square 
miles, or 528,000,000 acres, of which 115,000,000 acres are in crops and 
413,000,000 acres in range and waste lands. ^ , 
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Ground squirrels rank among the most destructive of North Amer- 
ican mammals, causing an annual loss to grain and other crops of 
about $10,000,000, fully half of which may be saved by the general 
adoption of methods of poisoning and trapping recommended by the 
Biological Survey. 

The present annual losses in the infested States of the Missouri- 
Mississippi valley vary from less than 1 per cent to 2 per cent of the 
grain crop; but in the Sandhills region of western Nebraska and 
Kansas the loss is so great that in places it is hardly worth while to 
plant. From Montana and Coloraao westward to Washington, Ore- 
gon, and California the loss amounts to from 2 to 10 per cent of the 
value of the grain crop. 

Besides the injury to cultivated crops, ground squirrels where 
abundant do considerable damage to grazing lands by eating the 
grass and covering it with mounds. This loss is not included in the 
above estimate of $10,000,000. 

The economy of destroying ground squirrels on agricultural lands 
is not open to question. By the use of poisoned grain and poisoned 
alfalfa the smaller species are easily killed, at an average cost, in- 
cluding necessary labor, of about 4 cents per acre, or $25 a section. 
The wheat or barley crop on a section of land in the State of Wash- 
ington, where the Towhsend ground squirrel is abundant, is worth 
on an avera^ $15 an acre, or $9,600 a section. In badly infested 
areas the squirrels destroy 10 per cent of the crop, worth $960. By 
the expenditure of $25 tlie owner of the section can save $935 the 
first year and $960 annually for the three or four succeeding years, 
or until the animals a^ain become abundant. 

The cost of destroying the larger species is considerably greater, 
but, allowing for the difference in expense, the saving on grain would 
scarcely fall below $800 a section. 

On range lands, however, the case is very different, and the 
economy of destroying the squirrels is doubtful. It has been esti- 
mated that 500 oi the smaller ^ound squirrels consume as much 
grass as a horse or cow. Allowing 10 squirrels to the acre, their 
destruction would permit the pasturage of an additional horse or 
cow to each 50 acres. The detriment to the range by squirrels, when 
abundant, is about 20 per cent of the sustaining capacity. Placing 
the average rental of the range at 5 cents an acre for the season, 
the loss amounts to 1 cent an acre. As the destruction of squirrels 
costs 4 cents an acre, it would require four seasons of freedom from 
the pests to recover the outlay. Unless, therefore, the work were 
undertaken on a large scale, by cooperation, so as to secure lasting 
results, the investment would not pay. However, since range and 
waste lands are the source from which cultivated fields are restocked 
with rodent pests, it would undoubtedly pay to destroy the squirrels 
on ranges adjacent to cultivated crops. 

Pocket gophers. — Pocket gophers are distributed over about 1,800,- 
000 square miles of territory m the United States, chiefly from the 
eastern part of the Mississippi Valley westward. Of this area about 
one-tenth is in farm crops, from which are derived returns of about 
$1,500,000,000 yearly. It is estimated that the losses caused by pocket 
gophers amount to $12,625,000 a year, as follows : 
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Loss on alfalfa $4,000,000 

Loss on native hay 2,500,000 

Loss on clover and tame grasses 3, 000, 000 

Loss on orchard and other trees 1, 750, 000 

Loss on gardens and crops not Included above 575,000 

Damage to machinery and embankments 800,000 

Total loss 12, 625, 000 

Permanent crops, rather than annual ones, are most subject to injury 
from gophers, and the damage to com and small grains is compar- 
atively slight. Gophers devour potatoes, sweet potatoes, melons and 
cotton, but the chief damage they do is to the nay crop and fruit 
trees. Their favorite food is alfalfa and clover, which they destrov 
in two ways — by devouring and by burying. The mounds of earth 
thrown up in meadows cause heavy losses by covering up the grass 
and preventing close mowing. Where gopher mounds are abundant, 
from 10 to 20 per cent of the hay is lost. 

The alfalfa growers of the Middle West outside of irrigation dis- 
tricts are the most serious losers from pocket gophers. Statistics of 
the acreage in alfalfa in most of the States are lacking, but two 
States, Kansas and Nebraska, will serve for illustration. In 1907 
Nebraska had 455,792 acres of alfalfa, producing 1,450,759 tons of 
hay, which at %5 a ton was worth $7,253,795; Kansas had 743,050 
acres of alfalfa, which at the same yield and price was worth 
$11,800,000. It is estimated that in Kansas pocket gophers com- 
pelled farmers to leave 10 per cent of their crop on the ground, and 
conditions in Nebraska were about the same. It is safe to conclude, 
therefore, that the loss from gophers in these two States in 1907 
amounted to at least $2,000,000. 

Throughout the greater part of the upper Mississippi Valley and 
the whole of the Missouri Valley clover, timothy, and native mead- 
ows are infested with gophers, whose moimds cause an average loss 
of 4 per cent of the hay crop, or a total of over $5,000,000 yearly. 

The cost of destroying pocket gophers by poisons is not great. A 
40-acre field of clover or alfalfa can be cleared of them at an expend- 
iture of less than $5. Trapping is an excellent though slower method, 
requiring less outlay aside from labor. The feasibility of destroying 
gophers has been repeatedly proved, but cooperation over large areas 
IS necessary to secure permanent results. 

Field wiw?^.— Short-tailed field mice are generally distributed 
throughout the grassy and mountainous parts of the IJnited States. 
Under normal conditions they are among the commonest of rodents 
and cause losses to agricultural crops and fruit trees exceeding 
$3,000,000 annually. 

In the Old World mouse plagues, differing in intensity, have often 
occurred and have resulted in widespread destruction. The most 
recent irruption was in France in 1904, where a considerable part of 
the loss of $40,000,000 attributed to rats and field mice was due to the 
latter animals. Until recently no plagues of similar severity have 
occurred in the United States, but in 1907 field mice increased enor- 
mously in various parts of the great basin region, especially in Hum- 
boldt Valley, Nevada, where over a considerable area they reached 
a total of 8,000 to 12,000 per acre. As a consequence 15,000 acres of 
alfalfa out of the 20,000 m the valley were a total loss, so that the 
fields had to be plowed and resown. The loss of hay, pasturage, root 
72639— S. Doc. 676. 60-2, vol 3 22 
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crops, trees, and the wheat crop for 1908, and the cost of replanting 
the alfalfa fields amounted to about $20 per acre, or a total for the 
vallCT of $300,000. 

When the numerous irrigation sch^nes now on foot are completed, 
a very large additional acreage will be placed under alfalfa, and 
unless due precautions are taken a repetition of the Nevada mouse 
plague is almost certain, since extensive fields of alfalfa, offering the 
mice shelter as well as sustenance, furnish ideal conditions for their 
excessive multiplication. 

Field experiments by the Biological Survey show that meadow mice 
are among the easiest mammals to control by poisoning. Under the 
most favorable conditions two or three years are necessary for them 
to increase to an actual plague, and during this time they can be 
effectually destroyed at a cost varying from 10 to 20 cents per acre, 
according to the degree of infestation ; whil^ 40 cents per acre is esti- 
mated to be the average cost of destruction after they have become a 
plague. Thus from a purely economic standpoint it is much cheaper 
to attack them whenever they show an increase than to wait until they 
have become excessively abundant. On alfalfa lands yielding gross 
returns of $50 per acre, the damage done by field mice under normal 
conditions of aoundance amounts to $1 to $2 per acre. Almost the 
whole of this loss can be prevented at a cost of from 10 to 20 cents 
per acre, thus saving annually from 90 cents to $1.80 per acre. 

Even this expenditure, small as it is, would be unnecessary provid- 
ing due regard had been paid to the protection of such birds as nawks, 
owls, gulls, and herons, and of such mammals as foxes, coyotes, 
badgers, weasels, and skunks — nature's own agents in checking the 
abnormal increase of small rodents. The Nevada outbreak of mice 
was the signal for the assembling of mouse-eating birds and mammals 
in numbers quite sufficient, after the mice had teen reduced to some- 
thmg like their normal number, not only to hold them in check but to 
reduce Uieir numbers far below the normal. It is practically certain 
that the Nevada plague would never have occurred had not preda- 
ceous birds and mammals been so reduced as to be quite inadec[uate for 
the service they are always eager to perform. Predatory birds and 
the smaller predatory mammals are an important part of the national 
assets, and can not be wantonly destroyed without incurring serious 
consequences. 

House rats and mice. — ^The most destructive mammalian pests in 
the United States are the European house rats and mice. They 
were introduced into America so long ago that they are thoroughly 
acclimatized and range over nearly the whole cultivated parts oi our 
territory, though much more abundant and destructive in towns and 
cities than in the country. 

Every rat in the course of a year destroys property probably worth 
from 50 cents to a dollar. From investigations in Washington and 
Baltimore during the past year it is estimated that the annual losses 
from rats and mice to merchants and manufacturers in cities having 
a population of 100.000 or more, amount to $20,000,000. The losses 
from the destruction of grain, poultry, eggs, and other produce on 
farms, in villa g;es, and in private residences throughout tne country 
amount to a still larger sum. Injury to buildings, furniture, anS 
fixtures, and the cost of fighting the pest by traps, poisons, dogs, cats, 
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ferrets, and professional rat catchers add materially to the above 
totals. In the absence of accurate statistics for the United States, 
estimates of the damage done in other countries are of interest. In 
Denmark the annual Toss from rats is put at $3,000,000; in Great 
Britain from $25,000,000 to $60,000,000, and in France, in 1904, the 
loss from rats and field mice was estimated at $40,000,000. These 
figures are suggestive, in view of the fact that the United States, not 
including Alaska, has 35 times the area of Great Britain, 15 times 
the area of France, and 200 times that of Denmark. 

The importance of killing rats is ^eatly increased by the fact that 
these animals are known to be carriers oi vermin and disseminators 
of bubonic plague and other diseases. In Athens^ Odessa, Oporto, 
Glasgow, and other European cities, and recently m San Francisco, 
Cal., rats have been sufficiently reduced in number to permit eradica- 
tion of the plague. In San Francisco and its immediate vicinity, 
between May, 1907, and Februarjr, 1908, 77 deaths from plague 
occurred, ana in the plague-prevention work carried on under super- 
vision of the United States Marine-Hospital Service during the year 
beginning September 25, 1907, more than 300,000 rats have been cap- 
tured, and it is estimated that nearly twice as many have been killed 
by poison. 

Present methods of destroying rats are imperfect, and the expense 
is much greater than it should be. But even the crude methods of 
the past have saved a substantial amount to the country, and by 
cooperation and persistence the present improved means of de- 
struction can be made to yield far better results than have yet been 
attained. 

The amount spent in the United States in destroying rats is not 
known. In Stockholm, Sweden, from 1901-1906, inclusive, 639,515 
rats were killed by the municipality at an expense in premiums of 
$8,570, or about 1^ cents per rat. Adding the expense of adminis- 
tration, tJie actual cost was less than 2 cents per rat. In the United 
States — as, for instance, in San Francisco — an extensive campaign 
against rats costs much more, yet it pays financially. But rats are 
such a menace to the public health that apart from pecuniary con- 
siderations they should be destroyed as completely as possible, and 
the war against them must be continuous to effect a permanent re- 
duction in their numbers. 

ESTIMATES OP LOSSES FROM RODENTS. 

As in the case of carnivorous mammals, the following estimates 
are based on damages done in certain areas : 

I. — Losses due to European rats and house mice (includinff the Itroum rat, the 
house mouse, and the roof rat). 

Damage to grains while growing, in shock, stack, bin, crib, etc., up 
to December 1 each year (1 per cent of value) $21,079,000 

Damage to grains kept on the farm after December 1 for feed, seed, 
increase of price, etc. (1 per cent) 11,092,500 

Damage to grains held in elevators, mills, warehouses, and in trans- 
portation on cars, ships, etc. (2i per cent) 4,282, 600 

Damage to grain fed (largely in cities) to horses, hogs, poultry, 
etc., and entirely outside of farms and ranches 8, 763, 000 

Damage to merchandise other than grains — dry goods, furs, meats, 
yegetables in stores and markets 10, 000, 000 
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Loss on young poultry, eggs, marketed (1 per cent of value, census 

of 1900) $4, 100. 000 

Fire losses due to rats and mice (one-fifteenth of $15,000,000) •_— 1,000,000 

Total loss from European rats and house mice $56, 917, 000 

II. — Losses due to other rodents. 

1. Pocket gophers: 

Damage to alfalfa $4,000,000 

Damage to native hay 2,600,000 

Damage to clover and tame grass 3,000,000 

Damage to orchard and other trees 1,750,000 

Damage to gardens and crops not Included above 575, 000 

Damage to mowing machinery 800,000 

$12, 625, 000 

2. Ground squirrels (cttellus), annual loss 10,000,000 

3. Rabbits: 

Loss to nurseries $1,200,000 ' 

Loss to orchards 3,600,000 

Loss to forests, gardens, melons, etc 800,000 

Loss to pastures, stacks 400,000 

6,000,000 

4. Prairie dogs {Cynomys) : 

Damage to pastures 1,500,000 

Damage to grain, forage, and other crops 1,000,000 

2,600,000 

5. Meadow mice: 

Damage to trees 1,800,000 

Damage'to grain, alfalfa, hay, etc 1,250,000 

Damage to melons, gardens, etc 250,000 

3,800,000 

6. Woodchucks (damage to clover and hay and to hay- 

ing machinery) 800, 000 

7. CJotton rats (Sigmodon) 800,000 

8. Muskrats (damage to canals, embankments, etc.) 700,000 

0. Other native rodents (wood rats, kangaroo rats, white-footed 

mice, and others) 1.250,000 

Annual losses from native rodents $37,975,000 

Annual losses from European rats and mice 55,917,000 

Total annual losses from rodents $93, 892, 000 

Annual cost of fighting rodent pests (traps, poisons, fimaigators, 
bounties, labor) 3,000,000 

Total $96, 892, 000 

« The underwriters place the losses due to defective wiring for electric light- 
ing at $15,000,000 per annum, a large part of which they attribute to gnawing 
of the wires by rats and mice. 
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LOSSES TO LIVE STOCK BY DISEASE. 



By V. H. Olmsted, 
Chief of Bureau of Statistics, U. S. Department of Agriculture. 



In compliance with the request of the commission, the following 
statements are submitted of the estimated percentages of loss to live 
stock from disease for a number of years, each year ending March 31. 
The figures have been reduced to five-year and three-year averages. 
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Estimated percentage of loss from disease for the year ending 

HORSES. 
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New Jersey 


PAniv^ylTMlift. 


Pelftwione 


Maryland 


Virginia 


West Virginia 


North Carolina 


South Carolina. ^ 


Georgia 


Florida 


Ohio 


Tn^mtif^.. 


niinois 


Michigan. 


Wisconsin. 

Minnesota 


Iowa 


Missouri 


North Dakota 


South Dakota 

Nebraska 


Kansas 


Kentuolcy 


i>nnes«». ... 


Alabama 


Mississippi 




Texas 


Indian Territory 


Oklahoma 


2.0 
2.4 
1.5 
1.3 
1.4 
2.5 
1.5 
2.5 
1.6 
1.5 
1.9 
2.0 
2.0 


Arkansas 


Montana 


Wyoming 


Colorado . 


New Mexico 


Arixona 


Utah 


Nevada 


Idaho 


Washington. 


Oregon 


CaliJomia 


United States 


L7 


L9 


1.8 


L8 


L8 


2.0 


2.0 


2.0 


L8 


L9 


L8 
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March SI, and the average for each period indicated, 

HORSES. 











Fiv*. 












F!v». 








Three- 


1800. 


1808. 


1807. 


1806. 


year 
aTerage. 


1806. 


1804. 


i8oa 


1802. 


1801. 


year 
average. 


1800. 


1880. 


18&8. 


year 
average. 


L5 


1.6 


L2 


L6 


L4 


LO 


L8 


L7 


Ll 


L7 


L6 


LS 


LO 


L2 


La 


1.2 


1.6 


L7 


L3 


L5 


L7 


L6 


L7 


L4 


L5 


L6 


LS 


L7 


L5 


L6 


2.0 


1.6 


L6 


L7 


L7 


L6 


L7 


L6 


L5 


L2 


1.5 


LS 


LO 


Ll 


Ll 


L8 


1.6 


L6 


L2 


L6 


LS 


L4 


a2 


L7 


L6 


L6 


LS 


L2 


LO 


L2 


LO 


1.8 


L4 


LI 


L5 


a4 


L4 


L6 


L2 


L2 


L6 


LO 


Ll 


.7 


.0 


1.6 


L3 


L4 


L6 


L5 


ao 


a6 


ao 


L4 


L2 


LS 


L2 


L6 


LO 


LS 


3.0 


2.1 


2.1 


a6 


a4 


LO 


a2 


LO 


L5 


L4 


LS 


L5 


L7 


L6 


L6 


2.1 


2.6 


LO 


a7 


as 


LO 


a6 


Ll 


LS 


L5 


L6 


L4 


LS 


L6 


L4 


2.2 


1.4 


L6 


ao 


L8 


L4 


ao 


LS 


L4 


L6 


L6 


LS 


L4 


L6 


L4 


2.5 


2.4 


2.0 


a4 


a4 




ao 


as 


L7 


ao 


aa4 


LS 


L6 


L6 


L6 


2.4 


2.0 


2.1 


ai 


ai 


a" 4* 


as 


ai 


L8 


L6 


ao 


L4 


LS 


L6 


L4 


2.0 


2.5 


LO 


a2 


ai 


ao 


ai 


L7 


LS 


L2 


LS 


LS 


L6 


L6 


L6 


2.2 


1.8 


L7 


LO 


LO 


ao 


ao 


L6 


LO 


LS 


LS 


L2 


L6 


LS 


LS 


2.4 


2.2 


2.1 


L8 


ai 


L7 


L8 


L6 


LS 


LO 


LS 


L5 


L6 


L6 


L5 


2.0 


2.8 


a2 


a4 


ao 


L8 


L8 


as 


L7 


L8 


LO 


L7 


L4 


L7 


L6 


2.7 


2.5 


ai 


ai 


ao 


as 


ao 


ao 


LO 


LO 


ao 


LS 


L6 


ao 


LS 


4.1 


4.6 


ai 


a6 


ao 


6.0 


a2 


a2 


ao 


ao 


ao 


LS 


a5 


a6 


as 


L4 


L8 


L8 


LO 


L6 


ao 


L6 


LS 


LS 


L5 


L6 


LS 


Ll 


L7 


L4 


LO 


L8 


LO 


LO 


L8 


as 


ai 


L4 


L4 


L7 


LS 


L5 


L6 


L7 


L6 


ao 


LO 


L7 


ai 


a2 


as 


ai 


LO 


L6 


L6 


LO 


L7 


LO 


LS 


L5 


1.7 


L6 


L8 


ao 


L7 


LO 


L5 


Ll 


L2 


L4 


L4 


LS 


LS 


LS 


L6 


1.8 


L5 


L3 


L6 


L6 


L7 


a4 


LO 


LS 


L7 


LS 


L4 


L5 


LO 


L6 


1.6 


L7 


L6 


L6 


L6 


ao 


as 


L7 


L5 


L5 


LS 


L2 


L4 


L5 


L4 


1.6 


2.1 


L8 


LO 


L7 


ao 


L8 


L7 


L6 


L8 


LS 


L5 


L6 


LS 


L6 


1.7 


L8 


L8 


L8 


L8 


a7 


L5 


LS 


L4 


L8 


L7 


L6 


L6 


L8 


L6 


L« 


L6 


2.2 


L8 


L7 


LO 


L6 


LO 


LS 




aL4 


L4 


LS 


LS 


L5 


1.8 


L7 


2.1 


L6 


L7 


a8 


L6 


LS 


LS 




aLS 


L4 


LS 


LS 


L5 


2.1 


L6 


2.8 


L6 


L8 


a2 


ao 


L7 


L6 


"a 5' 


ao 


ao 


LS 


LO 


L7 


2.2 


L6 


2.6 


L4 


L8 


L7 


LS 


L7 


L6 


L6 


L6 


L5 


L2 


L7 


L5 


2.8 


2.1 


2.6 


a4 


a4 


as 


a7 


ao 


L4 


L5 


ao 


L7 


L6 


LS 


L7 


2.5 


2.0 


2.1 


a4 


a6 


a7 


a4 


L6 


L6 


LS 


ao 


L5 


L4 


ao 


L6 


2.7 


2.6 


ao 


ai 


as 


ao 


a7 


LO 


ai 


a2 


a4 


L7 


ao 


a2 


ao 


3.4 


3.2 


6.2 


a5 


a6 


4.1 


ai 


ae 


as 


ao 


as 


L8 


L6 


ai 


LS 


&2 


4.7 


S.0 


as 


4.6 


4.4 


as 


a7 


a2 


as 


as 


ao 


L7 


a7 


ai 


3.2 


2.6 


a4 


a5 


a6 


ai 


as 


L7 


LS 


L4 


a2 


L6 


ao 


a4 


ao 


**i*4' 
3.2 


"x's 

LO 


*'L6' 

ai 


"Ho 


a2* 

a5 


■'L4' 

a6 


"as* 
a5 


!!!!!! 






■ 'Vao" 
ao 










a5 


* a 6' 


* zh' 


"'L8* 


"a 2* 


" a 6* 


ai 


3.0 


L5 


L8 


as 


as 


L8 


a5 


ao 


LS 


L5 


LO 


a5 


L6 


a6 


a5 


LS 


L5 


ao 


L6 


L6 


a4 


LS 


L4 


L5 


L6 


L7 


ao 


L2 




»ai 


L8 


2.4 


L7 


L4 


L8 


Ll 


L6 


LS 


LO 


L5 


L6 


ao 


L4 


"L5" 


ao 


Xi 


L4 


ao 


a7 


ao 


LS 


a2 


.4 


ao 


ai 


L6 


L5 


a7 


ao 


a7 


.8 


LO 


L4 


LO 


Ll 


L6 


a2 


LO 


L8 


LO 


L7 


LS 


L2 


a7 


L7 


2.2 


2.5 


ai 


L2 


ao 


4.0 


a2 


ao 


LO 


LO 


a5 


a5 


L2 


a5 


ai 


4.7 


3.8 


.0 


L6 


a7 


LO 


4.1 


a2 


ao 


LS 


a2 


a5 


as 


Ll 


a5 


1.8 


2.2 


a6 


L7 


ai 


a5 


ai 


a5 


L5 


L6 


a4 


as 


L2 


L6 


ao 


2.2 


L6 


ao 


. ao 


a4 


a8 


Ll 


.5 


L2 


L7 


L7 


ao 


L2 


L4 


LO 


3.3 


LO 


4.0 


a2 


ao 


L5 


a2 


LO 


LS 


LS 


LS 


as 


Ll 


a2 


LO 


3.4 


2.5 


as 


LO 


a4 


a5 


ai 


a4 


L5 


LO 


as 


ao 


L2 


as 


LS 


ZZ 


^0 


ai 


ao 


ao 


a2 


ai 


L7 


L5 


L7 


LS 


L6 


L5 


LS 


l.« 
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Estimated percentage of loss from dise<ise for the year endinff 

CATTLE. 



State or Territory. 


1908. 


1907. 


1906. 


Three- 
year 
aver- 
age. 


1905. 


1904. 


1908. 


1902. 


1901. 


Flve- 
yew 
aver- 
age. 


1900. 


1899. 


1808. 


Maine.; 


1.5 
L4 
1.3 
2.1 
2.2 
1.8 
2.2 
2.0 
1.8 
1.2 
1.2 
2.0 
1.5 
2.2 
2.6 
2.3 
3.8 
1.4 
1.6 
1.5 
1.5 
1.8 
1.8 
1.7 
1.6 
1.5 
2.0 
2.1 
1.2 
2.1 
2.1 
2.5 
2.7 
3.0 
2.0 

"ii" 

3.0 
2.1 
2.2 
1.5 
3.0 
2.5 
2.0 
1.5 
1.4 
1.7 
1.5 
2.5 


1.4 
2.1 
1.8 
1.8 
1.6 
1.5 
2.1 
2.J 
1.8 
L8 
1.2 
2.0 
2.1 
2.0 
2.1 
2.2 
3.6 
1.6 
1.7 
1.8 
1.6 
1.8 
1.9 
1.7 
1.6 
1.8 
2.3 
2.7 
1.6 
1.9 
2.3 
2.5 
2.6 
2.6 
2.0 
2.9 
2.1 
3,0 
2.4 
1.9 
1.9 
2.0 
1.8 
1.9 
2.0 
2.0 
2.0 
1.3 
2.8 


1.0 
1.8 
1.5 
1.4 
1.5 
1.6 
1.6 
2.0 
1.6 
2.1 
1.3 
1.8 
1.5 
1.8 
2.2 
2.0 
3.5 
1.6 
1.5 
1.8 
1.3 
1.7 
1.7 
1.5 
2.1 
1.7 
1.7 
2.5 
1.5 
2.1 
2.1 
3.1 
3.2 
4.0 
2.5 
3.0 
2.1 
4.0 
2.4 
1.4 
2.3 
L5 
2.3 
1.8 
3.0 
2.0 
1.2 
1.7 
2.6 


1.3 
1.8 
1.5 
1.8 
1.8 
1.6 
2.0 
2.0 
1.7 
1.7 
1.2 
L9 
1.7 
2.0 
2.3 
2.2 
8.6 
L5 
1.6 
1.7 
1.6 
1.8 
1.8 
1.6 
1.7 
L7 
2.0 
2.4 
1.4 
2.0 
2.2 
2.7 
2.8 
3.2 
2.2 
62.0 
2.1 
3.3 
2.3 
1.8 
1.9 
2.2 
2.2 
L9 
2.2 
1.8 
1.6 
L5 
2.6 


1.2 
1.6 
1.5 
1.5 
1.3 
1.7 
1.9 
2.3 
L7 
4.1 
1.4 
1.8 
1.8 
2.1 
2.7 
2.0 
3.7 
1.8 
1.5 
1.5 
L5 
1.7 
1.7 
1.7 
2.4 
1.8 
2.1 
2.3 
1.5 
2.3 
2.6 
2.8 
2.9 
4.9 
2.7 
3.2 
2.0 
3.5 
1.8 
1.3 
1.9 
L8 
1.5 
2.2 
2.5 
1.9 
L7 
1.4 
2.6 


0.8 
L4 
2.9 
1.9 
2.1 
1.8 
1.9 
2.3 

IS 

1.3 
2.1 
1.8 
2.3 
2.9 
3.1 
4.2 
1.4 
1.8 
1.6 
1.5 
1.5 
2.1 
2.0 
2.5 
3.4 
2.2 
2.6 
1.8 
2.0 
2.7 
2.9 
8,0 
3.1 
3.2 
2.6 
2.5 
8.6 
1.7 
3.0 
2.4 
2.6 
4.7 
L4 
8.8 
1.8 
1.7 
1.6 
3.3 


L2 
2.0 
2.5 
3.0 
2.6 
1.5 
2.0 
2.7 
2.0 
2.2 
1.8 
2.0 
2.1 
1.8 
2.8 
3.3 
2.8 
1.2 
1.5 
2.0 
1.8 
1.4 
2.0 
2.1 
2.6 
2.5 
2.1 
3.6 
1.9 
2.3 
3.0 
2.9 
2.7 
5.0 
3.0 
3.0 
2.2 
3.2 
1.7 
2.1 
2.9 
4.0 
2.8 
1.4 
2.7 
1.4 
1.7 
1.5 
2.9 


LO 
2.2 
1.4 
2.0 
1.9 
2.0 
2.0 
1.7 
1.9 
1.6 
2.0 
2.0 
1.5 
1.9 
2.3 
2.4 
3.8 
1.2 
1.6 
1.8 
1.6 
1.6 
1.6 
2.2 
2.1 
1.5 
2.1 
3.4 
2.1 
2.9 
3.2 
2.6 
2.0 
3.1 
2.3 
3.0 
2.1 
2.7 
1.0 
3.1 
2.4 
1.5 
L2 
1.7 
1.9 
1.5 
1.8 
2.0 
2.4 


1.2 
L6 
2.3 
1.7 
2.0 
1.6 
1.9 
2.3 
1.7 
1.3 
L9 
1.8 
1.8 
1.8 
2.4 
2.2 
3.2 
1.2 
1.4 
1.4 
1.4 
1.5 
1.9 
2.0 
1.8 
1.5 
4.4 
2.9 
1.9 
1.9 
2.2 
2.4 
8.8 
2.7 
3.0 
4.2 
1.9 
2.7 
1.8 
1.8 
2.5 
2.8 
4.9 
1.6 
1.9 
1.0 
1.4 
1.5 
2.0 


1.1 
L8 
2.1 
2.0 
2.0 
1.7 
1.9 
2.3 
1.9 
2.4 
1.7 
1.9 
L8 
2.0 
2.6 
2.6 
8.5 
L3 
1.6 
1.7 
1.6 
1.5 
1.9 
2.0 
2.3 
2.1 
2.6 
8.0 
1.8 
2.3 
2.7 
2.7 
2.9 
3.8 
2.8 
3.2 
2.1 
3.1 
1.6 
2.3 
2.4 
2.5 
3.0 
1.7 
2.6 
1.5 
1.7 
1.6 
2.6 


1.2 
1.8 
1.7 
1.9 
1.8 
1.5 
2.4 
2.2 
2.1 
2.5 
1.7 
1.9 
2.0 
2.1 
2.3 
2.2 
3.5 
L2 
1.5 
1.6 
1.5 
1.3 
1.4 
3.0 
1.9 
1.7 
1.6 
2.0 
1.9 
2.1 
2.8 
2.2 
2.3 
3.1 
2.3 


1.5 
1.8 
2.2 
1.9 
L8 
1.9 
2.1 
3.3 
2.2 
2.3 
1.5 
2.1 
2.3 
2.0 
2.5 
1.9 
8.1 
1.3 
1.8 
2.1 
1.4 
1.4 
1.2 
2.0 
L5 
1.1 
1.8 
2.2 
1.7 
1.9 
3.0 
2.4 
3.1 
4.7 
2.2 


LO 
1.4 
1.5 
1.9 
2.0 
1.2 
2.8 
2.5 
L8 
2.3 
1.4 
2.5 
L6 
2.3 
2.5 
3.7 
4.5 
L5 
L4 
L6 
L2 
L2 
L7 
L7 
1.5 
2.0 
L4 
2.3 
2.1 
L6 
3.2 
2.1 
8.8 
3.2 
2.2 


New Hampshire.. 
Vermont 


Massachusetts 

Rhode Island 

Connecticut 

New York 

New Jersey 

Pennsylvania 

Delaware 


Marvland 

Virginia 


West Virginia 

North Carolina.... 
South Carolina. . . . 
Georgia 


Florida 


Ohio 


Indiana 

Dlinois 


Michigan 

Wisconsin 

Minnesota 


Iowa 


Missouri 


North Dakota 

South Dakota 

Nebraska 


Kansas 

Kentucky 


Tennessee 


Alabama 


Mississippi 

Louisiana 


Texas 


Indian Territory.. 
Oklahoma 


1.2 
2.9 
L7 
1.1 
2.6 
1.8 
1.9 
1.8 
1.7 
1.7 
1.8 
1.2 
1.6 


4.5 
8.6 
1.5 

.9 
2.1 
3.0 
2.8 
2.5 
1.4 

.9 
1.1 
3.2 
2.9 


2.6 
L8 
1.6 
2.5 
L6 
.8 
1.0 
2.1 
2.9 
L5 
LI 
1.4 
3.7 


Arkansas 


Montana 


Wyoming 


Colorado 


New Mexico 

Arliwnft. . 


Utah 


Nevada 


Idaho 


Washington 

California .'.*!! !.*!!! 




United States 


1.9 


2.0 


2.0 


2.0 


2.1 


2.4 


2.4 


2.1 


2.2 


2.2 


2.0 


2.0 


2.0 



• Four years. 



Digitized by 



Google 



OLMSTSD.] 



LOSSES TO LIVE STOCK BY DISEASE. 



345 



March 31, and the average for each period indicated — CJontinued. 

CATTLE. 







Five- 












Five- 












Five- 


1807. 


1806. 


year 
average. 


1805. 


1804. 


1803. 


1892. 


1891. 


year 
average. 


1890. 


1880. 


1888. 


1887. 


^ 


year 
average. 


2.0 


0.6 


1.3 


1.5 


2.2 


0.6 


1.1 


1.7 


1.4 


1.0 


1.3 


1.3 


2.0 


2.0 


1.5 


2,9 


.7 


1.7 


2.1 


2.0 


.4 


1.1 


1.4 


1.4 


.9 


1.1 


1.6 


2.5 


2.0 


1.6 


2.5 


1.0 


1.8 


1.6 


3.2 


1.4 


1.2 


1.1 


1.7 


.6 


1.2 


1.5 


2.0 


2.0 


L5 


3.1 


3.3 


2.4 


1.8 


.9 


1.7 


1.1 


1.3 


1.4 


.8 


1.0 


1.5 


2.0 


2.0 


1.5 


1.8 


2.9 


2.1 


3.2 


2.1 


1.6 


1.5 


1.2 


1.9 


.8 


1.0 


1.2 


2.0 


2.0 


L4 


1.9 


1.9 


1.7 


1.9 


2.7 


1.2 


1.8 


1.5 


1.8 


1.3 


1.8 


1.3 


2.0 


2.0 


1.7 


2.2 


2.2 


2.2 


2.4 


2.5 


2.6 


1.5 


1.7 


2.1 


.1.6 


2.0 


2.2 


2.5 


2.0 


2.1 


1.6 


2.2 


2.4 


1.8 


3.0 


1.1 


1.3 


1.9 


1.8 


1.7 


1.9 


.9 


2.0 


2.0 


1.7 


1.8 


1.7 


1.9 


1.9 


1.8 


1.6 


1.5 


1.5 


1.7 


1.7 


1.3 


1.9 


3.0 


2.0 


2.0 


3.4 


3.6 


2.8 




1.0 


1.2 


2.0 


1.1 


01.3 


2.4 


1.2 


2.3 


3.0 


40 


2.6 


2.1 


2.6 


1.9 


"2.5" 


1.8 


2.0 


1.5 


1.3 


1.8 


1.7 


1.8 


2.0 


4.0 


3.0 


2.5 


2.1 


2.3 


2.2 


1.5 


1.5 


1.8 


1.5 


1.6 


1.6 


1.8 


1.9 


2.4 


4.0 


40 


2.8 


1.7 


1.5 


1.8 


2.1 


1.4 


1.4 


.5 


.8 


1.2 


.7 


2.0 


2.0 


3.0 


3.0 


2.1 


1.8 


1.9 


2.0 


2.4 


1.7 


1.6 


2.3 


2.1 


2.0 


2.2 


2.2 


2.9 


6.0 


6.0 


8.9 


2 1 


2.6 


2.4 


2.0 


1.4 


2.2 


1.5 


2.4 


1.9 


2.3 


2.1 


2.8 


6.0 


6.0 


8.8 


2.5 


2.2 


2.5 


2.8 


3.1 


2.2 


1.8 


2.3 


2.4 


1.3 


3.4 


ao 


7.0 


7.0 


43 


2.6 


2.7 


3.3 


2.1 


4.3 


1.7 


3.0 


3.5 


2.9 


3.5 


5.5 


3.5 


7.0 


8.0 


5.5 


1.4 


1.2 


1.3 


1.2 


1.3 


1.4 


.9 


1.1 


1.2 


.8 


1.5 


1.8 


3.0 


2.0 


1.8 


1.7 


1.5 


1.6 


2.5 


1.1 


1.8 


1.2 


1.2 


1.6 


.7 


2.0 


1.6 


4.0 


2.0 


2.1 


1.6 


1.7 


1.7 


2.7 


1.6 


1.3 


1.3 


1.2 


1.6 


.9 


1.9 


2.0 


3.0 


2.0 


2.0 


1.4 


1.5 


1.4 


1.7 


1.0 


.4 


1.1 


1.3 


1.1 


1.3 


1.8 


1.4 


3.0 


2.0 


1.9 


1.3 


1.4 


1.3 


1.1 


1.5 


1.8 


1.7 


1.7 


1.6 


1.2 


1.9 


2.1 


2.5 


2.0 


1.9 


1.4 


1.5 


1.4 


1.7 


1.4 


1.3 


1.0 


1.7 


1.4 


1.4 


2.0 


2.2 


2.0 


2.0 


1.9 


2.2 


1.9 


2.2 


2.0 


1.4 


.5 


1.3 


2.0 


1.4 


1.5 


1.6 


2.5 


3.0 


2.0 


2.1 


1.7 


1.6 


1.6 


1.7 


1.4 


.9 


.8 


1.6 


1.3 


1.2 


2.0 


2.7 


3.0 


3.0 


2.4 


1.7 


2.1 


1.7 


1.7 


1.0 


1.0 


.5 


1.2 


1.1 


.8 


2.0 


3.4 


4.0 


.3.0 


2.6 


2.3 


1.8 


1.8 


2.4 


1.2. 


1.5 


.4 


1.2 


1.3 


.8 


2.0 


3.4 


4.0 


3.0 


2.6 


2.0 


1.8 


2.1 


1.8 


1.4 


2.1 


.5 


2.5 


1.7 


2.0 


2.2 


3.5 


3.0 


3.0 


2.7 


1.9 


2.1 


1.9 


1.4 


1.6 


1.5 


.5 


1.8 


1.4 


1.8 


1.8 


2.3 


40 


3.0 


2.6 


1.9 


1.8 


1.9 


1.7 


1.8 


1.8 


.7 


.8 


1.4 


.7 


1.8 


2.5 


3.0 


2.0 


2.0 


2.6 


2.1 


2.7 


2.1 


2.4 


1.0 


.7 


1.2 


1.5 


1.4 


1.7 


2.7 


6.0 


6.0 


3.4 


2.1 


2.4 


2.2 


2.3 


2.8 


2.3 


1.2 


.9 


1.9 


.9 


3.0 


3.7 


6.0 


6.0 


3.9 


2.8 


3.0 


3.0 


4.3 


2.1 


1.6 


2.0 


1.3 


2.3 


.9 


3.2 


3.5 


7.0 


6.0 


41 


2.8 


2.7 


3.3 


4.7 


2.4 


3.1 


1.2 


1.0 


2.5 


1.5 


3.4 


4.0 


6.0 


7.0 


44 


1.6 


2.3 


2.1 


3.4 


3.3 


2.0 


1.7 


.7 


2.2 


.4 


3.5 


45 
4.0 


7.0 


6.0 
6.0 


43 

»5.0 


"i.*6* 
2.1 


"L5' 
2.1 


ZZ 

2.5 


























* '2.3' 


"2.8 


*2.'4* 


'"i.*7' 


"is" 


2.'4' 


■ '3.2' 


■'i*6* 


' "3.2' 


"8.0' 


' '7.0* 


4 8 


2.1 


1.7 


1.7 


2.0 


.9 


5.0 


.3 


1.5 


1.9 


2.5 


2.5 


3.5 


9.0 


40 


43 


2.4 


.9 


1.6 


1.6 


.3 


2.2 


.2 


.5 


1.0 


1.0 


2.7 


2.5 


6.0 


40 


3.2 


2.1 


1.5 


2.0 


2.0 


2.7 


1.5 


1.3 


1.2 


1.7 


1.4 


3.0 


5.5 


45 


6.0 


41 


5.0 


4.1 


2.9 


1.7 


2.1 


4.0 


2.8 


1.6 


2.4 


1.2 


4.2 


3.7 


40 


5.0 


3.6 


1.7 


2.5 


2.0 


.0 




.2 


3.5 


1.0 


al.2 


1.0 


3.5 


5.0 


4 


5.0 


8.7 


1.4 


1.9 


1.9 


2.3 


"Z.6 


3.3 


2.4 


1.0 


2.5 


2.7 


3.7 


3.5 


40 


3.0 


3.4 


1.2 


1.4 


1.7 


.5 


1.7 


.8 


2.0 


1.4 


1.3 


4.0 


3.5 


3.0 


45 


4 


3.8 


1.4 


1.9 


1.5 


.6 


1.4 


.3 


1.5 


1.2 


1.0 


2.8 


2.0 


3.3 


9.0 


4 


4 2 


1.2 


1.5 


1.3 


1.2 


1.0 


.5 


.8 


.5 


.8 


3.5 


2.5 


2.7 


3.0 


3.0 


2.9 


1.4 


1.2 


1.7 


1.3 


.7 


.5 


.8 


.6 


.8 


3.0 


2.0 


2.2 


5.0 


40 


3.2 


1.9 


2.4 


2.5 


2.1 


1.1 


1.4 


1.2 


2.0 


1.6 


3.0 


2.3 


4.5 


40 


40 


3.6 


1.9 


2.0 


2.0 


2.1 


1.9 


1.7 


1.3 


1.5 


1.7 


1.3 


2.4 


2.0 


44 


40 


3.0 
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Estimated percentage of loss from disease for the year ending 

SHEEP. 



state or Territory. 



Maine 

New Hampshire. 

Vermont 

Massachusetts — 

Rhode Island 

Connecticut 

NewYdrk 

New Jersey 

Pennsylvania 

Delaware 

Maryland 

Virginia 

West Virginia.... 
North Carolina... 
South Carolina. . . 

Georgia 

Florida 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

Minnesota 

Iowa 

Missouri 

North Dakota.... 
South Dakota.... 

Nebraska 

Kansas 

Kentucky 

Tennessee 

Alabama 

Mississippi 

Louisiana 

Texas 

Indian Territory. 

Oklahoma 

Arkansas 

Montana 

Wyoming 

Colorado 

New Mexico 

Arlsona 

Utah 

Nevada 

Idaho 

Washington 

Oregon 

CaUlmnila 

United States 



1908. 



2.2 
2.2 
2.2 
1.9 
1.4 
2.1 
2.9 
2.5 
2.6 
1.6 
2.6 
3.8 
2.8 
2.0 
2.6 
3.0 
4.0 
2.8 

a? 

2.6 
3.0 
1.9 
2.0 
2.5 
2.6 
2.0 
2.1 
2.4 
1.1 
3.5 
2.6 
2.9 
4.2 
2.4 
1.8 
1.7 
1.7 
2.5 
1.3 

ao 

1.9 
2.2 
1.6 
1.5 
2.5 
1.8 
1.5 
1.1 
2.5 



1907. 



2.1 
2.5 
1.6 
2.2 
1.4 
2.4 
2.3 
2.6 
3.0 
2.5 
2.5 
3.5 
3.5 
2.0 
2.3 
3.2 
3.2 
2.9 
3.1 
2.2 
2.8 
2.2 
1.9 
2.6 
2.4 
2.3 
2.3 
2.7 
1.3 
3.0 
2.5 
3.2 
6.5 
3.0 
2.8 
1.3 
3.0 
2.2 
3.4 
3.0 
2.0 
1.7 
3.0 
1.0 
3.0 
1.8 
2.6 
1.5 
4.0 



2.2 2.6 



1906. 



2.5 
2.4 

2.0 
1.5 
1.5 
2.4 
2.0 
2.0 
2.2 
2.5 
2.5 
3.0 
3.5 
2.2 
2.3 
2.5 
3.0 
3.0 
3.0 
3.0 
2.6 
2.0 
1.8 
2.3 
3.3 
1.6 
2.1 
2.5 
1.0 
3.0 
2.5 
4.0 
6.0 
3.5 
3.0 
2.0 
1.8 
2.0 
1.7 
1.5 
1.8 
1.5 
1.6 
1.6 
3.0 
2.5 
2.0 
2.5 
2.6 



2.2 



Three- 
year 
aver- 
age. 



2.3 
2.4 
1.9 
1.9 
1.4 
2.3 
2.4 
2.4 
2.6 
2.2 
2.5 
3.4 
3.3 
2.1 
2.4 
2.9 
3.4 
2.9 
3.3 
2.6 
2.8 
2.0 
1.9 
2.5 
2.8 
2.0 
2.2 
2.5 
1.1 
3.2 
2.5 
3.4 
5.6 
3.0 
2.5 
1.7 
2.2 
2.2 
2.1 
2.5 
1.9 
1.8 
2.1 
1.3 
2.8 
2.0 
2.0 
1.7 
3.0 



2.3 



1905. 



3.8 
2.0 
2.0 
1.4 
1.0 
3.2 
2.7 
2.5 
2.8 
2.6 
2.6 
3.4 
3.3 

a3 

3.1 
2.9 
3.2 
2.3 
2.3 
2.2 
2.6 
1.9 
1.9 
2.6 
3.1 
1.9 
2.7 
1.9 
1.3 
4.0 
3.4 
2.9 
3.7 
4.3 
8.1 
1.1 
5.4 

a4 

2.0 
2.4 
2.6 
2.9 
1.6 
2.1 
4.4 
2.1 
2.0 
1.8 
2.2 



2.5 



1904. 



2.2 
3.7 
2.5 
1.0 
1.2 
3.0 
1.7 
1.9 
2.8 
3.4 
2.2 
3.3 
3.4 
3.1 
3.5 
6.1 
3.2 
2.4 
3.2 
2.3 
3.5 
2.7 
2.7 
2.6 
3.2 
3.8 
2.4 
2.7 
1.2 
3.5 
3.4 
6.1 
3.9 
4.9 
2.3 
3.7 
2.0 
3.1 
1.8 
2.0 
3.2 
2.4 
3.3 
2.2 
4.8 
2.6 
2.3 
2.3 
3.0 



2.6 



1903. 



2.0 
2.7 
2.7 
1.4 
2.0 
3.1 
2.5 
3.2 
2.9 
3.0 
2.9 
3.2 
3.9 
2.3 
3.3 
4.9 
3.2 
2.3 
3.3 
3.4 
3.4 
2.3 
2.6 
3.1 
3.0 
4.0 
2.8 
3.6 
1.9 
3.3 
3.2 
4.3 
3.0 
4.3 
3.3 
3.2 
2.4 
2.4 
2.0 
2.1 
3.0 
&1 
3.0 
2.1 
2.0 
2.1 
2.1 
2.2 
3.3 



2.8 



1902. 



1.6 
2.8 
2.6 
1.6 
1.7 
2.2 
2.5 
2.2 
2.9 
3.2 
3.1 
4.0 
3.3 
2.3 
3.5 
4.7 
6.1 
2.9 
2.9 
2.1 
3.2 
2.0 
1.9 
2.4 
2.5 
1.6 
2.5 
2.2 
1.8 
4.1 
Z.2 
2.9 
2.5 
2.8 
4.3 
2.0 
2.5 
2.6 
1.8 
1.4 
2.8 
3.4 
2.0 
2.9 
2.4 
2.1 
1.9 
1.5 
2.1 



2.5 



1901. 



2.0 
3.7 
2.2 
1.6 
2.0 
1.9 
2.5 
2.4 
2.9 
2.4 
2.5 
3.0 
3.6 
2.1 
2.0 
2.2 
2.5 
2.8 
3.2 
2.4 
3.6 
2.2 
2.0 
3.0 
2.4 
1.8 
2.0 
0.9 
1.0 
3.3 
2.8 
2.7 
5.3 
2.4 
2.4 
1.5 
1.3 
3.2 
1.4 
1.9 
1.5 
4.0 
2.2 
2.1 
1.6 
2.4 
2.8 
2.2 
1.6 



2.4 



Five- 
year 
aver- 
age. 



2.3 
3.0 
2.4 
1.4 
1.6 
2.7 
2.4 
2.4 
2.9 
2.9 
2.7 
3.4 
3.5 
2.6 
3.1 
4.0 
3.4 
2.5 
3.0 
2.5 
3.3 
2.2 
2.2 
2.7 
2.8 
2.6 
2.5 
2.3 
1.4 
3.6 
3.2 
3.8 
3.7 
3.7 
3.1 
2.3 
2.7 
2.9 
1.8 
2.0 
2.6 
3.6 
2.4 
2.3 
3.0 
2.2 
2.2 
2.0 
2.4 



2.6 



1900. 



2.5 
2.7 
2.2 
1.2 
2.3 
1.6 
2.6 
2.3 
3.3 
2.2 
2.5 
2.8 
3.8 
2.6 
2.6 
3.6 
3.5 
1.9 
3.1 
2.4 
2.9 
1.9 
1.8 
3.6 
2.7 
1.7 
1.5 
1.0 
1.0 
3.6 
3.2 
2.9 
2.5 
3.6 
2.1 



1.0 
2.7 
1.9 
1.0 

a9 

1.7 
1.2 
2.0 
2.7 
1.8 
2.0 
1.9 
2.8 



2.0 



1809. 



2.8 
2.2 
3.4 
1.3 
2.8 
2.2 
2.6 
1.8 
3.2 
1.8 
2.5 
2.6 
3.8 
2.4 
2.8 
2.7 
2.7 
2.8 
3.4 
2.7 
2.6 
2.1 
1.3 
3.3 
2.1 
1.0 
1.7 
L2 
1.7 
4.2 
3.3 
2.8 
8.3 
4.1 
2.2 



0.4 
3.6 
1.8 
LO 
1.8 
1.6 
1.5 
2.1 
0.6 
1.0 
1.1 
3.0 
2.6 



2.1 



1808. 



2.2 
2.7 
2.1 
1.4 
1.8 
1.6 
2.8 
4.4 
1.9 
1.8 
2.9 
2.6 
3.4 
3.0 
2.6 
1.9 
11.5 
2.8 
2.3 
1.8 
2.5 
2.7 
1.7 
2.1 
2.2 
1.7 
0.9 
1.9 
1.7 
2.6 
4.1 
3.0 
3.9 
4.1 
2.6 



1.7 
1.9 
2.6 
6.7 
6.1 
1.8 
0.9 

a8 

1.6 
1.2 
1.5 
1.4 
2.2 



2.6 
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March SI, and the average for each period indicated — Continued. 

SHEEP. 







Five- 












Five- 












Five- 


1»7. 


1806. 


year 
average. 


1805. 


1804. 


i8oa 


isoa 


1801. 


year 
average. 


1800. 


1880. 


1888. 


1887. 


1886. 


year 
average. 


2.2 


1.0 


2.3 


2.4 


a5 


2.0 


as 


a 7 


ae 


a 2 


ao 


ai 


ao 


4.0 


a4 


8.8 


1.8 


2.6 


3.0 


4.3 


1.4 


a6 


as 


as 


as 


ao 


as 


4.0 


4.0 


a 2 


2.7 


0.8 


2.2 


3.3 


2.3 


1.7 


as 


a7 


as 


as 


as 


ao 


4.0 


4.0 


ai 


3.2 


3.0 


2.0 


14.6 


1.6 


1.2 


1.7 


LO 


4.2 


ao 


LS 


ao 


4.0 


4.0 


ao 


2.1 


&0 


2.8 


2.6 


a8 


0.5 


1.8 


a7 


as 


a4 


LS 


ao 


4.0 


ao 


ao 


40 


2.6 


2.4 


4.7 


2.1 


1.7 


as 


as 


a7 


LO 


as 


as 


4.0 


4.0 


ao 


8.1 


8.8 


2.0 


4.7 


2.3 


as 


a6 


ai 


ao 


LO 


a7 


as 


4.0 


4.0 


a2 


2.2 


2.6 


2.6 


2.8 


4.5 


as 


a6 


as 


ao 


L9 


LS 


LS 


ao 


ao 


ao 


2.8 


3.1 


2.9 


&5 


1.6 


5.6 


1.0 


ao 


a6 


L7 


ao 


a2 


4.0 


ao 


ao 


4.1 


6.2 


3.2 




1.4 


1.9 


ao 


ao 


aLS 


as 


ao 


ao 


ao 


ao 


as 


2.0 


2.7 


2.7 


"l.9 


a 4 


ao 


1.0 


a7 


a4 


a4 


a2 


ai 


4.0 


4.0 


ao 


8.4 


3.3 


2.0 


4.5 


2.5 


a3 


LO 


as 


ao 


ai 


as 


4.1 


0.0 


ao 


as 


8.1 


3.0 


3.6 


2.6 


2.9 


ao 


LO 


as 


as 


as 


ao 


4.0 


ao 


7.0 


4.0 


2.8 


2.8 


2.7 


3.0 


ao 


a 2 


LS 


as 


a6 


as 


a 7 


40 


ILO 


ao 


ao 


&6 


3.3 


3.4 


1.7 


2.8 


a2 


ao 


as 


a4 


ai 


a6 


4.1 


7.0 


ao 


a2 


4.7 


3.6 


8.3 


a2 


LO 


4.4 


a 7 


ao 


ae 


ao 


ao 


&0 


lao 


lao 


7.8 


8.2 


2.0 


4.8 


3.8 


2.8 


a2 


a 6 


6.5 


as 


as 


5.0 


&s 


ILO 


lao 


a2 


8.8 


2.4 


2.7 


2.7 


2.3 


1.8 


LS 


LS 


ao 


L7 


as 


as 


ao 


4.0 


as 


4.1 


^.3 


3.2 


4.1 


ao 


as 


LO 


as 


a2 


ao 


a2 


4.7 


7.0 


ao 


4.8 


8.3 


2.7 


2.6 


43 


2.0 


ai 


L6 


as 


as 


a2 


ao 


4.4 


ao 


ao 


4.1 


2.9 


. 2.5 


2.7 


4.2 


1.9 


1.9 


L8 


as 


a4 


L9 


ao 


a4 


4.0 


4.0 


ao 


1.0 


2.8 


2.3 


2.3 


2.6 


as 


L4 


a4 


as 


ao 


as 


a 7 


ao 


ao 


as 


1.7 


1.8 


1.7 


2.8 


2.0 


1.6 


LO 


a6 


ao 


a 6 


ao 


4.0 


ao 


4.0 


a7 


4.0 


2.5 


3.3 


2.7 


1.7 


1.1 


LI 


a2 


LS 


L2 


as 


a2 


as 


ao 


ao 


ai 


2.0 


2.6 


3.2 


2.0 


1.0 


L4 


a7 


ai 


LS 


a 9 


4.0 


7.0 


7.0 


4.7 


1.0 


2.3 


1.7 


4.0 


2.1 


ao 


LS 


a4 


as 


LO 


a 2 


4.2 


ao 


4.0 


a7 


2.5 


1.6 


1.6 


3.0 


a 2 


as 


L6 


a4 


ao 


LO 


a 2 


4.2 


ao 


4.0 


a7 


1.8 


1.0 


1.5 


3.1 


2.1 


as 


LS 


ai 


ai 


LS 


as 


as 


ao 


ao 


4.0 


1.3 


1.6 


1.5 


a9 


1.7 


1.2 


LI 


LS 


L8 


L7 


as 


as 


ao 


7.0 


4.2 


3.8 


a6 


3.6 


2.9 


ai 


1.5 


L2 


ao 


as 


ao 


as 


4.3 


ao 


ao 


ao 


3.1 


3.2 


3.4 


3.8 


as 


4.2 


L8 


a2 


as 


ao 


as 


4.0 


11.0 


lao 


ao 


3.7 


a6 


3.2 


ao 


0.3 


4.1 


as 


a7 


ao 


ao 


4.5 


7.0 


12.0 


lao 


7.7 


3.1 


3.8 


3.8 


4.2 


2.4 


a4 


a2 


a7 


a4 


4.5 


4.6 


ao 


lao 


lao 


7.6 


8.6 


4.1 


8.0 


&2 


1.4 


a7 


LO 


4.0 


a2 


5.7 


4.7 


ao 


ILO 


ILO 


7.5 


2.1 


3.5 


2.5 


a3 


2.2 


a4 


as 


ao 


ao 


a2 


4.2 


as 


ao 


lao 


as 


4.8 


2.8 


aV 

3.0 


























"'as' 


"*4.'6' 


"as" 


"'ls" 


"a 2' 


ai" 


"as" 


"i'o" 


*'4.*7" 


'iLO' 


"iao" 


7.'6 


1.0 


1.7 


L8 


1.0 


0.8 


1.8 


.8 


ao 


L2 


a2 


a2 


4.4 


ILO 


4.0 


ao 


0.0 


3.2 


2.2 


1.6 


2.0 


ao 


.0 


L7 


L4 


ao 


ao 


ai 


ao 


ao 


4.0 


1.3 


2.6 


2.3 


as 


1.1 


a8 


L6 


L6 


ao 


L4 


5.0 


a2 


ao 


ao 


a7 


2.8 


2.8 


2.1 


0.6 


L8 


4.2 


ao 


as 


a4 


a 7 


5.0 


a7 


ao 


7.0 


as 


1.0 


1.0 


LI 


ai 




1.0 


ao 


ao 


• LS 


as 


4.4 


4.3 


ao 


7.0 


a2 


1.8 


1.5 


2.2 


2.4 


"lY 


as 


a7 


a7 


ao 


a2 


5.5 


as 


ao 


ao 


ao 


1.4 


ao 


L4 


ao 


4.0 


1.1 


a3 


LO 


LO 


as 


5.0 


a7 


ao 


ao 


a2 


1.0 


1.8 


1.5 


1.0 


1.0 


1.3 


LS 


ao 


L4 


Ll 


ao 


ao 


lao 


ao 


ao 


1.6 


L8 


L5 


a7 


0.8 


ao 


a7 


LS 


L3 


a4 


ao 


as 


ao 


7.0 


ao 


2.0 


2.8 


2.2 


1.6 


1.1 


1.2 


ao 


L7 


L3 


ao 


4.2 


ai 


7.0 


ao 


4.0 


2.7 


4.7 


8.0 


2.9 


2.4 


1.9 


L8 


LO 


a2 


a4 


4.2 


5.7 


ao 


ao 


as 


2.8 


2.7 


2.3 


2.6 


ao 


a4 


LO 


as 


a2 


a4 


as 


4.6 


7.0 


7.0 


ao 
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8WINB. 



state or Territory. 



Maine 

New Hampshire... 

Vermont 

Massachusetts 

Rhode Island 

Connecticut 

New York 

New Jersey 

' Pennsylvsuila 

Delaware 

Maryland 

Virginia 

West Virginia 

North Carolina — 
South Carolina. . . . 

Oeor^ 

FloridSk 

Ohio 

Indiana 

nilnols 

Michigan 

Wisconsin 

Minnesota 

Iowa 

Missouri 

North Dakota 

South Dakota 

Nebraska 

K^^T'^ft-*? 

Kentucky 

Tennessee 

Alabama 

Mississippi 

Louisiana 

Texas 

Indian Territory. . 

Oklahoma 

Arkansas 

Montana 

Wyoming 

Colorado 

New Mexico 

Ariiona 

Utah 

Nevada 

Idaho 

Washington 

Oregon 

CaUlomia 



United States. 



1008. 



LI 
L6 
1.6 
2.3 
2.3 
2.3 
1.8 
2.4 
2.7 
2.8 
2.0 
4.6 
2.5 
6.0 
6.7 
4.4 
7.3 
3.5 
6.2 
6.0 
3.0 
2.3 
3.0 
6.0 
7.0 
1.1 
4.5 
7.0 
4.0 
6.2 
5.5 
5.6 
7.6 
&5 
3.0 



4.0 
0.1 
1.0 
2.0 
3.1 
1.6 
1.0 
4.2 
3.0 
1.1 
1.6 
1.6 
2.5 



1007. 



LO 
L4 
1.4 
2.5 
L2 
1.8 
2.1 
2.8 
2.8 
3.0 
3.0 
4.5 
3.3 
6.5 
5.5 
5.0 
6.8 
4.0 
5.8 
4.8 
3.1 
2.4 
3.3 
5.0 
&4 
1.6 
6.1 
7.5 
3.7 
5.2 
5.3 
5.5 
&7 
&0 
4.0 
4.3 
6.0 
7.6 
2.0 
2.6 
2.0 
1.7 
L6 
.6 
4.0 
L3 
1.8 
LO 
&0 



6l2 4.0 



1006. 



L2 
2.0 
L7 
L8 
LO 
2.0 
LO 
2.2 
2.3 
3.0 
3.6 
4.0 
3.1 
&5 
5.0 
6.6 
7.6 
&0 
6.0 
6.0 
2.2 
2.0 
3.0 
4.6 
6.6 
1.1 
0.6 
&8 
3.4 
5.6 
4.7 
6.0 
6.0 
12.0 
4.2 
5.6 
2.2 
&0 
4.4 
.4 
2.6 
1.6 
2.0 
4.0 
2.0 
1.5 
1.3 
1.2 
8.2 



6.1 



Three- 



aver- 
age. 



1.1 
1.6 
L6 
2.2 
L8 
2.0 
1.0 
2.6 
2.6 
2.0 
3.1 
4.4 
3.0 
6.0 
5.4 
&0 
7.2 
4.2 
6.7 
5.6 
2.8 
2.2 
8.1 
5.6 
6.3 
L3 
6.7 
7.8 
3.7 
6.6 
5.2 
6.7 
6.4 
0.6 
3.7 
»4.0 
3.7 
&2 
2.8 
1.6 
2.6 
L6 
L6 
2.0 
3.0 
1.3 
1.5 
1.3 
8.6 



6.1 



1005. 



L2 
2.2 
L8 
2.0 
2.2 
2.3 
1.7 
2.2 
2.3 
4.3 
4.3 
4.8 
3.6 
0.7 
&6 
&1 
&2 
3.8 
6.4 
4.6 
2.6 
2.2 
2,1 
4.2 
7.4 
L3 
2.3 
4.6 
3.4 
6.3 
7.3 
6.7 
6.0 

1L3 
5.6 

16.0 
2.3 

12.2 
1.1 
1.0 
2.4 
1.8 
0.4 
1.4 
2.1 
1.1 
1.6 
1.6 



1004. 



LO 
L6 
1.6 
2.3 
2.6 
2.8 
3.3 
8.2 
2.7 

lai 

3.1 
6l6 
3.6 
0.6 
7.6 
&0 
7.2 
6.0 
7.8 
6.8 
3.7 
2.7 
8.0 
6.6 
7.7 
2.4 
6.4 
6.7 
3.0 
7.1 
7.0 
&2 
&1 
&6 
3.7 
7.8 
2.4 

ia8 

.0 
3.4 
L5 

.8 
&3 
1.0 
L8 
2.8 
2.0 
L3 
4.6 



6ul &8 



1001. 



L4 
1.2 
2.4 
2.6 
2.4 
3.0 
L8 
3.3 
3.6 
5.8 
3.2 

ai 

3.6 
6.4 
6.6 
11.8 
11.3 
5.0 
7.3 
7.4 
3.0 
2.6 
3.0 
&3 
6.7 
2.0 
6.8 
7.7 
3.6 
5.0 
6.4 
7.1 
4.1 
1L6 
4.0 

las 

2.6 
7.0 
L7 
.7 
2.3 
2.0 
2.2 
2.0 
L6 
2.6 
L8 
2.7 
6.7 



6.8 



1002. 



ao 

LO 
2.0 
2.1 
LO 
2.4 
1.0 
2.3 
3.2 
3.7 
3.3 
4.6 
2,6 
&0 
&2 
8.0 
ia4 
4.1 
41 
4.7 
2.0 
3.1 
3.6 
4.8 
4.4 
L4 
&2 
6.6 
3.2 
6.0 
6.1 
6.0 
6.7 
0.0 
6.1 
&1 
2.7 

a7 

.0 
1.1 
8.0 
LO 
2.2 

.6 
1.0 
2.4 
2.4 
2.7 
6.1 



1001. 



L6 
1.4 
2.4 
1.6 
2.4 
LO 
LO 
2.5 
2.4 
2.7 
4.7 
4.3 
8.1 
4.0 
6.1 
10.3 
0.1 
6.6 
5.6 
7.7 
3.6 

ia3 

0.4 
&0 
4.8 
2.4 

lao 

14.0 
5.0 
6.7 
0.0 
0.4 
&6 
7.6 
6.0 

ia5 

4.6 
12.3 
.0 
.6 
1.6 
3.0 
2.1 
1.1 
LO 
2.3 
2.3 
3.0 
6.3 



6.2 7.6 



Flv*- 
year 
aver- 
age. 



L2 
L6 
2.0 
2.1 
2.3 
2.6 
2.1 
2.7 
2.8 
&3 
3.7 
6.0 
3.3 
7.7 
7.4 
0.0 
0.2 
4.7 
6.0 
6.0 
3.1 
4.2 
4.4 
6.7 
6.2 
LO 
6.6 
7.7 
3.8 
6.4 
7.3 
7.6 
6.7 
0.8 
5.0 

ia6 

2.0 

ia2 

1.1 
L5 
2.2 
L7 
42 
1.2 
L7 
2.2 
2.0 
2.2 
5.0 



1000. 



1800. 






1.8 
2.0 
L8 
2.2 
1.8 
L7 
2.0 
2.7 
2.5 
6.7 
3.7 
4.5 
4.0 
6.6 
7.3 
0.4 
1L8 
4.6 
6.0 
6.8 
2.0 
3.1 
&4 
7.7 
7.0 
2.2 
3.0 
7.4 
6.0 
&1 
0.2 
7.8 
&4 

lai 

3.0 



.6 

12.2 

.8 

.3 

L7 

.0 

.8 

.0 

4.7 

L6 

3.3 

2.2 

2.8 



6.0 6.4 



1.8 
2.0 
2.5 
LO 
3.1 
LO 
2.4 
43 
3.2 
47 
42 
8.7 
40 
6.1 
&2 
0.0 
&6 
6.6 

11.6 

10.4 
3.0 
40 
7.0 

17.4 
0.0 
1.8 
6.2 
0.8 
6.6 
&6 
0.6 
7.8 
7.0 

1L4 
3.0 



47 

10.8 

2.4 

.6 

.0 

.2 

.2 

L2 

.6 

8.8 

1.1 

L6 

6l6 



LS 
2.4 
L7 
L6 
2.7 
L6 
2.6 
40 
8.0 
6.0 
7.1 
7.8 
7.0 
0.1 
7.6 

ia8 

140 
7.2 

7.4 

ia4 

8.3 

&0 
l&O 
17.6 
11.0 

2.0 
22.0 
12.8 

7.0 

lao 

0.3 
7.0 
&6 
13.6 
6u6 



48 

12.8 

.8 

.4 

L8 

.6 

.1 

L3 

.2 

.3 

LI 

L8 

8.3 



&2 0.8 



• Three yeari. 



*Two yean. 



Digitized by 



Google 



OLMSTSD.] 



LOSSES TO LIVE STOCK BY DISEASE. 



849 



March SI, and the average for each period indicated — Continued. 

SWINB. 







Five- 












FlTe- 












Five. 


U07. 


1806. 


yew 
aTorage. 


1806. 


1804. 


1803. 


1806. 


180L 


year 
average. 


1800. 


1880. 


1888. 


1887. 


1886. 


year 
average. 


3.3 


2.0 


1.7 


3.4 


ao 


1.6 


1.4 


L7 


1.8 


2.2 


1.3 


1.4 


40 


&0 


2.8 


2.3 


2.2 


Z2 


2.4 


3.4 


1.6 


1.6 


2.0 


2.2 


2.0 


1.8 


2.0 


40 


3.0 


2.6 


a.4 


1.8 


2.0 


5.1 


1.5 


3.3 


1.8 


L7 


2.7 


2.2 


1.5 


1.8 


3.0 


3.0 


2.3 


1.8 


1.6 


1.8 


2.2 


2.0 


2.3 


1.4 


ZO 


2.0 


2.0 


1.3 


2.3 


40 


40 


2.7 


^3 


2.1 


%4 


1.8 


2.7 


1.6 


L7 


1.6 


1.0 


1.8 


1.5 


1.3 


3.0 


3.0 


2.1 


^5 


1.0 


1.7 


43 


4.7 


3.7 


2.3 


2.6 


3.5 


1.8 


1.4 


2.0 


6.0 


8.0 


2.6 


3.2 


8.2 


2.7 


2.6 


2.8 


3.1 


LO 


2.0 


2.5 


2.5 


2.5 


2.2 


45 


40 


3.1 


8.2 


6.5 


41 


0.2 


1.4 


1.4 


1.8 


2.4 


3.2 


2.0 


2.0 


1.6 


5.0 


3.0 


2.7 


3.1 


3.6 


3.1 


8.0 


XI 


2.8 


2.0 


2.7 


2.6 


3.0 


2.3 


3.0 


0.0 


40 


43 


&3 


4.0 


5.1 






3.1 


4.0 


&0 


• 40 


7.0 


lao 


3.7 


6.5 


&0 


7.0 


&8 


3.5 


4.0 


"4.6* 


"iY 


2.3 


3.5 


4.5 


3.4 


6.4 


41 


7.3 


20.0 


12.0 


lao 


7.6 


6.5 


6.0 


4.4 


3.0 


6.5 


&3 


&5 


40 


7.5 


5.0 


7.4 


27.0 


12.0 


11.8 


7.0 


&0 


5.0 


2.3 


X2 


%S 


5.0 


4.5 


3.4 


&6 


48 


6.7 


lao 


6.0 


7.2 


0.8 


11.0 


&5 


&1 


6.1 


0.5 


7.0 


7.2 


7.6 


10.0 


6.3 


&0 


20.0 


13.0 


11.6 


0.1 


11.0 


&6 


10.0 


&5 


7.2 


6.2 


6.0 


7.4 


&5 


7.5 


7.4 


13.0 


140 


lai 


12.6 


1L5 


ia7 


ia2 


7.6 


ia5 


0.7 


&6 


0.3 


0.0 


13.0 


7.6 


l&O 


13.0 


11.5 


ia8 


13.0 


11.8 


13.6 


&1 


20.0 


7.5 


11.0 


12.0 


ia7 


12.6 


0.0 


13.0 


26.0 


13.8 


ia8 


8.2 


7.5 


5.0 


3.3 


3.4 


4.0 


6.0 


43 


&4 


3.8 


6.7 


&0 


6.0 


6.6 


23.8 


14.8 


12.0 


7.6 


3.0 


5.0 


6.0 


0.4 


6.2 


0.3 


6.5 


0.0 


11.0 


7.0 


&6 


14.5 


24.2 


13.3 


14.5 


8.0 


&3 


7.5 


&5 


7.0 


7.0 


6.0 


&6 


l&O 


15.0 


10.0 


3.6 


3.8 


3.5 


2.3 


L7 


2.0 


5.2 


8.5 


XO 


40 


2.3 


6.1 


&0 


&0 


46 


3.3 


4.1 


4.1 


4.0 


3.2 


4.0 


4.1 


4.2 


41 


3.2 


46 


&7 


5.0 


40 


45 


0.2 


&3 


0.8 


3.6 


2.0 


2.6 


4.0 


2.4 


2.0 


3.0 


3.4 


2.6 


40 


3.0 


3.2 


32.0 


2a7 


10.2 


lao 


4.2 


&4 


&3 


&2 


7.3 


7.6 


6l0 


8.2 


lao 


13.0 


8.7 


10.7 


2ao 


12.7 


11.6 


&8 


5.4 


&0 


12.0 


&0 


&0 


6.7 


0.5 


l&O 


16.0 


11.6 


4.8 


2.0 


2.6 


2.2 


1.2 


3.8 


3.2 


4.5 


8.0 


7.5 


3.4 


47 


6.0 


&0 


&0 


14.4 


0.0 


11.1 


7.1 


4.0 


3.5 


2.0 


4.5 


44 


7.6 


3.4 


47 


6.0 


&0 


5.0 


15.0 


13.6 


11.0 


12.6 


6.6 


4.6 


4.0 


14.5 


&3 


&5 


5.5 


&6 


10.0 


17.0 


0.0 


10.8 


13.0 


8.7 


7.8 


4.5 


4.0 


3.7 


10.0 


6.0 


5.8 


5.8 


7.7 


13.0 


l&O 


10.1 


15.8 


ia5 


10.5 


14.2 


6.0 


U 


4.2 


0.8 


&1 


0.5 


6.3 


8.0 


12.0 


0.0 


10.0 


13.8 


12.0 


ia8 


16.2 


7.1 


7.2 


lao 


0.1 


0.3 


0.7 


11.7 


10.0 


13.0 


13.1 


14.0 


13.0 


10.0 


11.6 


6.0 


12.0 


&0 


&2 


0.3 


ia3 


11.0 


&0 


17.0 


20.0 


13.3 


1&2 


12.0 


0.8 


&8 


5.8 


0.0 


&6 


&2 


8.1 


11.5 


&0 


0.0 


2ao 


18.0 


13.3 


27.5 


11.5 


14.8 


0.4 


6.2 


10.6 


&3 


0.4 


&2 


0.3 


0.0 


0.6 


l&O 


16.0 


12.4 


11.6 


&0 


6.6 


6.0 


4.7 


&0 


3.7 


7.8 


5.6 


7.5 


5.5 


7.3 


13.0 


2ao 


ia7 


21.0 


"i*5* 
18.0 


i'o' 

l&O 


























ili' 


"as' 


"ii*3' 


"8.6 


iLo' 


""id.8* 


iao' 


id.5* 


'ii"5 


'26.0' 


'2i'6' 


""ii'i 


4.3 


.8 


1.8 


3.5 


1.4 


1.5 


2.0 


3.0 


2.3 


6.0 


2.5 


ao 


&0 


5.0 


40 


.8 


1.7 


.7 





1.0 


1.0 


1.6 


40 


1.5 


6l0 


2.5 


3.6 


6.0 


3.0 


8.8 


Z7 


6.0 


2.6 


3.0 


L5 


1.2 


L6 


2.2 


1.0 


6u0 


2.0 


40 


5.0 


3.0 


3.8 


5.8 


2.6 


2.0 


1.7 


1.0 


1.2 


3.7 


43 


2.4 


&0 


6.7 


&0 


6.0 


6.0 


6.3 


0.0 


1.3 
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DISEASES OF LIVE STOCK. 



By A. D. MELViif, 
Chief of Bureau of Animal Industry, U. S. Department of Agriculture. 



The Bureau of Statistics of this department, has submitted to the 
commission a statement showing the estimated losses of farm animals 
from disease and exposure for a number of years. The commission 
should consider in its report the losses from exposure as well as 
those from disease, as such losses are unquestionably large in the open 
range country during severe winters. It is believed that the numbers 
lost could be greatly reduced by leasing the range and allowing stock 
owners to fence it and to build sheds for the protection of the animals. 

There is no doubt that by far the greater part of the losses of hogs 
from disease is due to hog cholera. For several years this bureau 
has been making investigations to deterniine the cause and develop 
a remedy, and recently a method of treatinent has been worked out 
which is shown to be very effective in preventing the disease. The 
department is now endeavoring to induce the authorities of the vari- 
ous States to undertake the production of serum or vaccine accord- 
ing to the bureau's method and to supply this remedy to hog raisers 
in their respective States. If this plan can be carried out, espe- 
cially in the larj^ hog-raising States where cholera prevails, losses 
on account of this disease can unquestionably be greatly reduced. 

The southern cattle tick {Margaropvs annvlatus) is the cause of 
heavy losses to the live-stock industry in the section where this para- 
site prevails. The infected area includes all or parts of the States 
of Virginia, North Carolina, South Carolina, Tennessee, Georgia, 
Florida, Alabama, Mississippi, Arkansas, Louisiana, Oklahoma, 
Texas, and California. This tick not only spreads the conta^on 
of southern or Texas fever of cattle, but does considerable injury 
to the animals simply as a bloodsucking parasite. It is estimated 
that this tick is responsible for an annual loss of about $40,000,000 
to the people of the mfected country and that it also lowers the assets 
of the South by an additional $23,250,000. 

The remedy for this condition is to exterminate the ticks, and tliis 
work has been in progress since the summer of 1906 by cooperation 
between the federal and state authorities. Within that time an area 
of over 63^000 square miles has been freed from the ticks and the 
practicability of their ultimate eradication has been demonstrated, 
although the undertaking will undoubtedly require several years 
and the expenditure of considerable money. It is believed, however, 
that the benefits will amply justify the expenditure. 
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Other sources of losses are the disease? known as scabies of sheep 
and cattle. Before this bureau undertook to control and eradicate 
these diseases, their presence in this country threatened seri- 
ous injury to our export trade in live stock. While these diseases 
are not often directly fatal, they reduce the strength and vitality 
of the animals to such an extent that many die from exposure dur- 
ing severe weather. 

There are also losses from reduction in flesh, and, in the case of 
sheep, decrease in wool production. For several years this bureau, in 
cooperation with State authorities, has been endeavoring to eradicate 
these diseases and good progress has been made. They have been en- 
tirely wiped out in several States and by continuing the work there 
is no question that they can be completely obliterated from the United 
States in the course oi a few years. 

Tuberculosis is perhaps the disease which causes the heaviest losses 
to the live-stock industry. During the fiscal year 1908 there were 
found affected with tuberculosis 0.96 j)er cent of the adult cattle and 
2.05 per cent of the hogs examined in the federal meat-inspection 
service. Taking these figures in connection with reports of the tuber- 
culin test on dairy cattle, it is estimated that more than 1 per cent 
of beef cattle, 2 per cent of hogs, and about 10 per cent of dairy 
cattle in the United States are affected with tuberculosis. 

A careful study was recently made^ followed by an estimate of the 
economic loss from this disease, and it was found that the loss prob- 
ably exceeds $14,000,000 a year. Some of the items making up this 
amount are the loss on animals found tuberculous in the meat inspec- 
tion, the depreciation in the value of the stock of farm animals 
remaining alive, the decrease in the milk yield of tuberculous cows, 
the impairment of breeding qualities, the increased cost of wholesome 
meat and dairy products, and injury to the trade in live animals and 
meats. 

The remedy seems to be to eradicate tuberculosis from the farm 
animals of the country, and this is believed to be entirely practicable, 
although it will necessarily be a larse and costly undertaking. The 
expense, however, will unquestionably be justified by the results. It 
has been clearly shown that hogs readily contract tuberculosis from 
cattle and that diseased cattle are the primary source of the infec- 
tion in hogs. The main problem, therefore, is to eradicate the dis- 
ease in cattle. 

Live-stock owners should be aroused to the danger of having 
tuberculosis among their animals and should be educated as to the 
nature of the disease and the best methods of combating it. Valuable 
work in this direction may be done by the general and agricultural 
press and by official publications, also by lectures at pubUc gather- 
ing, farmers' institutes, etc. 

The real work of eradicating tuberculosis, however, must be done 
by the federal and state governments in cooperation. There should 
be a systematic effort to determine to what extent and in what locali- 
ties the disease exists, and the tuberculin test should be applied to 
cattle in such sections. The safest way of disposing of infected ani- 
mals is to slaughter them. In order to reduce the financial loss to a 
minimum and at the same time guard against the sale of unwhole- 
some meat, animals should be slaughtered at abattoirs under federal 
or other competent veterinary inspection. In this way a large pro- 
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portion may be safely passed for food and made to yield its full meat 
value, while only those animals whose meat may be dangerous to 
health will be condemned. 

An effective means of locating and eradicating tuberculosis of live 
stock would be to establish by state legislation a sj^stem of tagging 
cows sent to market for slaughter from suspected districts, so that if 
any were found tuberculous in the meat inspection, they could be 
traced back to the place of origin, thus locating centers of infection. 
The Bureau of A.iimal Industry is already cooperating with the 
authorities of some States by reporting on tuberculous animals, and 
the results so far have been very encouraging. To give the plan 
general application authorities should be empowered by law to re- 
quire that shippers shall ta^ their cows in such a way that they may 
be identified and their ori^n determined. 

Inspectors should be stationed at important points for the purpose 
of testing cattle for breeding and dairy purposes, and each State that 
is endeavoring to eradicate the disease should require that no cattle 
for breeding or dairy purposes shall be admitted from outside the 
State unless they have passed the tuberculin test. A good method of 
preventing the spread of tuberculosis among breeding stock would 
be the establishment by the State of one or more free herds of breed- 
ing cattle for the use of stock raisers in the State, or the State could 
certify to the health of free herds. 

As the eradication of tuberculosis is largely a public health measure, 
it is not only reasonable that the State should compensate at least 
in part the persons whose cattle are slaughtered, but it is absolutely 
essential if the cooperation of cattle owners is to be secured. 

The agricultural appropriation act for the current fiscal year 
authorizes the Secretary of Agriculture to investigate the prevalence 
and extent of tuberculosis among dairy cattle in the United States, 
and steps are being taken by this bureau to collect such information. 
Before any effective or extensive work of eradication can be under- 
taken, however, larger appropriations will be necessary. 

A recent compilation and study of state laws on the subject show 
that very few States have adequate laws for the protection of live 
stock from contagious diseases and for the control and eradication 
of such diseases. Furthermore, very few States have made anything 
like adequate appropriations for the necessary exjjenses of effective 
work. An essential step toward any comprehensive work dealing 
with such diseases will be the enactment of proper legislation by the 
various States where this is lacking, and the appropriation of suffi- 
cient funds to carry on the work. 
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SHRINKAGE IN ANIMAL PRODUCTS DUE TO INJURIOUS INSECTS. 



By O. L. Mablatt, 
Bureau of Entomology, U. S. Department of Agriculture. 



All domestic animals suffer seriously from parasitic and other in- 
sects, and above the reduction in the annual output of products is 
the heavy loss occasioned by certain insect pests to such stored and 
manufactured animal products as hides and furs, and stored animal 
food products. There is also the very serious check on production 
caused by the prevalence of certain insect-borne diseases of domestic 
animals. This last source of loss, however, is taken up elsewhere. 

The value to the farmer of all animal products for the year 1907 
is given in the report of the Secretary of the United States Depart- 
ment of Agriculture for that year as $2,678,000,000. This represents 
the products actually sold or consumed, and not the stock animals. 
Beei and dairy and all other domestic animals, including poultry, 
are subject to the attacks of biting and parasitic insects which 
operate as a very considerable check on fattening or on the yield 
of salable products. In the case of cattle the principal culprits are 
the ox warble and various biting flies and ticks. The damage charge- 
able to the ox warble was very carefully investigated several years 
ago hj a western farm paper, and. from the averages reported from 
the chief cattle States of the Mississippi Valley it was shown that 50 
per cent of the cattle received in the Union Stock Yards at Chicago 
during the grubby season (from January to June) were infested 
and more or less injured by the presence of the larvae of this insect. 
The depreciation in the value of nides and the lessened quantity and 
poorer quality of the beef indicated a total loss during the season of 
over $3,000,000. This loss applies only to the cattle coming to the 
Chicago market during the period mentioned, and is merely an indi- 
cation of the much greater loss to range and farm stock throughout 
the country from this one pest. The loss for Great Britain from 
the warble has been estimated to vary from $10,000,000 to $35,000,000 
per annum, and the total for the United States certainly can not fall 
below that for Great Britain. 

The shrinkage or check to fattening or lessening of milk produc- 
tion, due to the annoyance from biting flies and other insect pests of 
cattle, represents a very considerable total every year; probably, in 
view of the greater prevalence of these pests, much more than is 
chargeable to the ox warble. 

The loss to cattle production and values due to ticks (particularly 
the southern cattle tick responsible for Texas or splenetic fever) is 
enormous from the standpoint of the disease mentioned. This phase 
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of the question, however, falls under a different section. Neverthe- 
less, merely as parasites, ticks are a very serious pest in the South, 
seriously affecting the health and productive capacity of cattle. 

Horses, sheep, and other farm animals, including poultry, are 
subject to the attacks of similar parasites and other insect enemies, 
and if all these be considered, including, for example, the buffalo 
gnats, often very destructive in the South, the many gadflies, botflies, 
the screw-worm fly, and such parasites as ticks and lice, a heavy 
percentage of loss must be reckoned. A 10 per cent annual loss has 
been assigned, certainly a conservative estimate, which represents a 
shrinkage for 1907 of $267,000,000 in value of animal products due to 
insect pests. 

CONTItOL OF INSECT ENEMIES OF LIVE STOCK. 

A very large percentage of the loss to animal products from insect 
attack can be saved by the more general adoption of known remedies, 
but msLTiy of the problems are still under investigation. The tick 
problem is being actively investigated, and a rather simple method 
of rotation of pasturages seems to offer a practical means of control, 
and, under favorable conditions, of absolute extermination. A knowl- 
edge of the life history of biting flies and various internal parasites 
makes it possible to control these pests also in a considerable measure 
by limiting their breeding places and protecting cattle by the use of 
repellant w^ashes or lotions. Such parasites as ticks and lice can also 
be controlled by intelligent quarantining. 
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THE PUBLIC RANGE. 



By A. F. Potter, 
United States Forest Service. 



GENERAL DESCBIPTION. 

There is no other natural resource of the country in which the 
people at large are more directly interested than in the use of the 
forage crop which grows upon the public lands. That there is a 
vast amount of land not at present susceptible of cultivation and so 
located that it can not be reclaimed by irrigation, which, for at least 
a long time to come, will be valuable only for grazing purposes, is 
a well-established fact. 

The area of this land is probably not less than 300,000,000 acres, 
and includes parts of all the Western States. There is also a large 
area of partially wooded land, some of which has been included 
within the national forests, the principal agricultural value of which 
at present is for grazing live stock. In addition there is also land 
which can be reclaimed by irrigation, and a limited area upon which 
crops can be grown under favorable climatic conditions through dry 
farming, but which in the meantime is used only for grazing. 

Most of this land has been occupied for many years by the stockmen 
of the West with their cattle, horses, sheep, and goats, and a large 
portion of the supply of beef, mutton, and wool furnished the mar- 
kets of the United States has come from the herds and flocks grazed 
upon these public lands. 

The u,e of the public lands, excepting such areas as have been 
withdrawn for national parks, national forests, military reserva- 
tions, or other like public purposes, has always been free and unre- 
stricted. This was a great advantage to the settlers on the frontier, 
and resulted in the establishment of many homes in localities where 
the lands were valuable only for grazing, but, on the other hand, it 
has resulted in serious abuse of the lands by persons who engaged in 
the live-stock business upon a speculative basis. 

A very large proportion of the annual crop of grasses and forage 
plants can not be cut and kept for future use, but must be harvested 
by driving the live stock to the crazing grounds and allowing them 
to feed upon it. In this way tne forage crop is converted into a 
marketable product, which adds very greatly to the general prosperity 
of the people and to the wealth of the nation. 

The stockmen are thus enabled to make profitable use of the prod- 
ucts of a very large area of foothills, plains, and desert lands which 
otherwise would go to waste. It is plain, then, that grazing is not 
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only a source of prosperity under ordinarr circumstances, as a close 
companion to agriculture, but is also one of the most important means 
of producing revenue from lands that are outside of the limits of 
profitable cultivation. 

In the western range country stockmen have been among the earliest 
piofieers, and grazing has been the means of opening the way to other 
pursuits, because the herdsman with his cattle, horses, and sheep took 
possession of the frontier and opened up the way for tillers of the soil. 

The evolution of the western range n*om grazing to cultivated land 
is brought about largely in the following manner : A portion of the 
range is fenced in order that the stock may be kept under control. 
The stockman prospects around for water, cleans out and improves 
the flow of springs, and finds places where water can be had by dig- 
ging wells. Having succeeded in getting his pasture sufficiently 
watered for grazing purposes, he then gives his attention to seeing 
what can be done in the way of raising winter fe^d. Portions of the 
best land are set aside for cutting wild hay and experiments are made 
in raising cultivated forage crops. Where there is sufficient water 
for irrigation, the land is usually seeded with alfalfa, and imme- 
diately furnishes an increased amount of forage. The result is that it 
is soon found that the grazing capacity of the area has increased and 
the quality of tlie stock improved. This attracts the attention of 
others, and soon new divisions of the range are made. Settlers are 
attracted by the success of the stockmen m raising winter feed for 
their stock and try more varied farming. Thus the country changes 
to a more thickly settled and prosperous condition, and the successful 
establishment of homes is made possible upon the range lands. 

On July 1, 1906, the total area of vacant public land was 418,358,- 
752 acres. During the past ten years the average amount of public 
land disposed of annually has been about 18,000,000 acres. About 
two-thirds of the entries have been made under the homestead act. 
At this rate it will only be a few years until all of the land suitable 
for cultivation will have passed into private ownership. This does 
not mean that a less number of stock will be raised, but that a greater 
proportion of the animals will be fed upon the products of the culti- 
vated lands, and that the need for an economic use of the remaining 
vacant lands will be increased proportionately, because in many in- 
stances the stock must be pastured on outside range during the grow- 
ing period of the cultivated crop. 

In reply to the questions asked in a circular sent out by the National 
Conservation Commission, 85 per cent of the stockmen heard from 
stated that they fed all of their stock upon the products of cultivated 
lands during the winter season, 35 per cent stated that they fed at 
least a portion of their stock during the winter, while only 30 per c^it 
of the whole number reported that all their stock were pastured upon 
the open ran^e during the entire year. This shows very plainly the 
close connection between grazing and agriculture, and indicates that 
beyond a doubt the practice of winter feeding is being adopted in 
many localities. The result will be to decrease the winter losses and 
place the live-stock industry on a much safer basis. 
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CAUSES OF DECBEASE IN GRAZING VALUE. 

At first, when the public lands were used only by the pioneers with 
their small bands of stock, there was an abunaance of range for all 
and no one gave any thought to the future, but it was not long before 
men from the more thickly settled sections of country, where the 
ranges were becoming crowded, commenced to move westward in 
search of better opportunities, and gradually the range became more 
and more crowdea. 

The first effect of this was that the stock did not fatten as in 
former years, and consequently did not bring as good prices when 
marketed. Then, on account of the stock being in poorer flesh, the 
winter losses commenced to become greater and the percentage of 
natural increase smaller. 

In localities where overstocking continued the grasses and forage 
plants were gradually trampled out until in many sections the grazing 
value of the lands was almost entirely destroyed. This was naturally 
followed by very serious losses of stock, particularly in seasons of 
drought. 

The damage has not been done by any one kind of stock, but by all 
during different periods or in different localities. In the early 
eighties tiiere was a great boom in the cattle business, and immense 
herds were driven to the ranges of the Southwest. It was only deemed 
necessary to secure a few watering places before turning loose un- 
limited numbers of stock upon the open range. There was no law to 
prevent overcrowding or to authorize any control whatever over the 
use of the lands. Under this condition of affairs it was not lon^ until 
serious contentions arose, and out of it grew the notorious Lincoln 
County war in New Mexico and the Tonto Basin war in Arizona, both 
of which resulted in serious loss of life and property. While all of 
this was ^oing on the carrying capacity of the range was gradually 
being dimmished by grazing excessive numbers of stock, so that when 
in the early nineties there was a serious drought, the forage crop was 
entirely inadequate to support the number of animals, and a very 
large percentage died from starvation. At this same time the mar- 
ket prices for cattle and horses declined very greatly and many 
of the stockmen were compelled to close out their business through 
inability to make any profit or to meet their indebtedness. During 
this period the prices of sheep were also very low, but in the late 
nineties prices of wool and mutton began to improve, and many of 
those who had formerly raised cattle and horses engaged in the sheep 
business. The era of prosperity in sheep raising has continued up to 
the present time, and there is still a very great demand for the use 
of range by this kind of stock. The fact mat sheep are herded has 
given meir owners a great advantage on the open range, as herds are 
easily moved to localities where the feed is oest or where there is 
available range. 

There has been much complaint regarding the crowding in of 
sheep on ranges claimed by tne cattlemen, and in many cases there 
has been serious conflict In some localities the cattle owners through 
organized action have succeeded in keeping sheep off the ranges used 
by their cattle, but it is generally admitted that the increase in the 
number of ^eep has compelled many of the smaller owners to dis- 
continue raising cattle and to seek some other means of making a 

livelihood. ^ .. C^r\n,n](> 
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In such localities, and in many localities where no opposition was 
offered by the cattlemen, the nmnber of sheep has increased until in 
the competition for range there has been very little regard for the 
interests of the public, and it has become a constant race from place 
to place in search of the most favorable feeding grounds. 

The lack of control in the use of these lands has resulted in over- 
grazing and the ruin of vast areas of otherwise valuable range. 

In response to a circular sent out by the Public Lands Commission 
in 1904, requesting information regarding the condition of the public- 
grazing lands, 80 per cent of the stockmen heard from reported the 
carrying capacity of the ranges they were using to have diminished, 
and 80 per cent of those making such report attributed the decrease 
to overstocking. Practically the same results have been obtained from 
a circular sent out this year by the National Conservation Commis- 
sion, and, therefore, it is evidently a well-established fact that damage 
to the public-grazing lands is due almost entirely to the lack of any 
system or authority for its control. 

METHODS FOB IMPBOVEMEin? OF. GRAZING LANDS. 

The most general method adopted by stockmen to control the 
use of public grazing lands has been through securing title to the 
watering places. If all of the water on a range could be secured, this 
has usually been recognized as giving the owner a right to the use of 
adjoining lands for grazing purposes, because in case of controversy 
he could fence up the water and tnus prevent stock other than his own 
from using the outside lands. 

However, the cases in which very large areas have been controlled 
in this way are exceptional, and as a rule it has only been successful 
as a means of securing the exclusive use of comparatively limited 
areas. 

The most practicable method of controlling the grazing of stock 
is by fencing the lands into pastures. It has been found that wher- 
ever the lands were protected by fencing and overstocking stopped, 
the condition of the range at once improved and the amount of forage 
increased ; better care is taken, of the stock ; losses from straying and 
death are lessened ; a better grade of stock is raised, and in every way 
a better use of the land is obtained. Eecent experiments made by the 
Forest Service in the use of fenced lands for the summer grazing of 
sheep have proven conclusively that they will carry 50 per cent more 
stock and at the same time produce better animals than are raised on 
the open range where the stock must be herded. Lambs raised in an 
experimental pasture in the State of Oregon weighed 10 pounds more 
than the same age and grade of lambs raised on the outside range. 

In all of the Western States it is universally true that steers which 
are pastured on range controlled by fences outweigh steers from the 
open range and bring better prices on the market. 

Experience in the management of grazing upon the national forests 
shows that upon ranges which were overgrazed prior to the enforce- 
ment of proper regulations a very large percentage c2 th^ forage 
is wasted through stock entering upon the range too early in the 
season, while the feed is immature. In the absence of any restric- 
tion there is always a race for feed in the early part of the season, 
each stockman trying to get upon the smnmer range first^4xi order to 
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establish camps and hold the range. The serious damage caused bjr 
tramplmg is mimediately stopped when the stock is kept off until 
the feed has a chance to get lairiy started. In fixing the periods 
during which stock are allowed to graze within the forests, an en- 
deavor is made to meet local conditions as nearly as possible and to 
allow the use of each district during the period when it is most needed 
and can be used to the best advantage. 

By dividing the ranges into separate grazing districts and allow- 
ing the use of the lands by the Kind of stock for which it is best 
adapted and during a proper grazing period, an increase of at least 
one-third has been made in the amount of forage utilized. Last 
year is was possible to increase the number of stock grazed upon 30 of 
the national forests on account of the improvement in the condition of 
the range which had been brought about by proper regulation. 

In the answers which were received to the circular sent out by 
the Public Lands Commission in 1904, 15 per cent of those reporting 
improvement in the condition of their range attributed it to national 
forest regulation. Of the stockmen who, in response to the circular 
sent out by the National Conservation Commission this year, reported 
an increased amount of forage upon their ranges, 25 per cent credited 
the improvement to national forest regulation. This is a verv satis- 
factory showing of the practical results which have been obtained 
and indicates that without doubt rapid advancement is being made 
in restoring the former grazing value of the lands. 

Throughout the western range country the market for hay and 
other products of irrigated land depends very largely upon feediujg 
live stock. In many places remote from transportation farming is 
only made profitable through raising live stock to consume the 
products of the farm. Cattle and sheep which are pastured in the 
mountains during the summer are driven to the fields in the fall after 
the crops have been harvested, and there fed during the winter. 

As new areas are reclaimed and brought under cultivation by the 
Government and bjr private enterprise, the proper use of grazing 
lands in their vicinity becomes a matter of very grea,t importance, 
because if the lands forming the watersheds of the streams are 
abused bv overgrazing or improper grazing, then the water supply 
is diminished and, if the lands are not used for grazing, then the 
most profitable means of marketing the products of the land is 
removed. 

The solution of this problem lies in the control -of grazing upon 
the public lands and tne enforcement of such regulations as are 
necessary to insure their permanent use for grazing purposes. 
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By A. D. Melviw, 
Chief of Bureau of Animal Industry, U. S. Department of Agriculture. 



From personal observation and from reports received from inspect- 
ors, there is no doubt that on the whole tne carrying capacity of the 
public range has decreased. 

This decrease is due to (1) the taking up of the public range by 
homesteaders, and (2) overstocking and misuse. The ranges have 
been overcrowded, especially at certain seasons and in the vicinity of 
watering places, and close grazing and trampling have in some places 
almost exterminated the native grass. 

Measures should be taken to prevent overstocking and to protect 
the range so that the supply of grass may be renewed. There should 
be some system of government regulation of grazing on the public 
range. This could probably be best accomplished by leasing the 
range to stock owners and aUowing them to fence the land. By this 
means the range would be brought under definite proprietorship, the 
lessees exercising control over the land and regulating the number of 
animals, which would encourage them to make improvements aiding 
in the conservation of both live stock and range, buch a plan would 
also assist in the control of contagious diseases and in the pro- 
tection of live stock during the winter, two matters which are prac- 
tically impossible of accomplishment on the open range under pres- 
ent conditions. 

Reseeding the range where the natural grass has been destroyed 
would also oe advantageous. 
360 
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SWAMP AND OVERFLOW LANDS. 



By Robert Follansbee, 
United States Geological Survey. 



INTBODUCTION. 

The following report has been prepared in response to an inquiry 
from the National Conservation Commission regarding the area and 
ownership of the swamp lands of the United States, together with 
the cost and present status of reclaiming them. 

In giving general estimates of swamp areas in the various States, 
the report of Prof. N. S. Shaler, published in the Tenth Annual 
Report of the United States Geological Survey, was used as a basis. 
The figures were modified, however, as further investigation showed 
them to be in error, or where subsequent reclamation work has 
changed their value. 

The data regarding the present ownership have been derived mainly 
from the secretaries of state for the various States. 

As the cost of reclaiming the swamp areas has varied widelv, no 
attempt has been made to generalize, but instead typical examples in 
different sections of the country have been described as far as possible. 
These can be used as a basis lor estimating the cost of future work. 
The data as presented were obtained for the most part from engineers 
and landowners directly interested, and should therefore be reliable 
within the limits noted elsewhere. 

The data regarding the present status of the work have been com- 
piled from various sources, mainly through the technical press and 
through correspondence. 

ESTIMATE OF SWAMP AND OVEBFLOW ABEAS. 

As noted in the introduction, the basis for the estimate of swamp 
areas in each State was Professor Shaler's report on swamps. His es- 
timates have been modified either where a sumciently large percentage 
of a State has been topographically mapped to show that such a 
change is necessary, or wliere information acquired by a personal 
visit to the State has shown them to be in error. 

Wherever possible an attempt has been made to differentiate be- 
tween permanent swamp and land periodically overflowed to such 
an extent as to render cultivation hazardous. But as Professor Shaler 
made no such distinction, it is not possible at present to separate the 
two types in the majority of cases. Also where the estimates were 
based on the topographic sheets they do not include the overflow 
lands, but it is believed there is not a great amount of land seriously 
overflowed in those States, with the possible exception of New Jersey 
and Oklahoma. Accompanying each estimate is a statement regarding 
its source, in order that some idea may be formed regarding its 
accuracy. 
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Swamp and overflow areas. 



state. 



Area (acres). 



Authority. 



Alabama. . . 
Arkansas... 
California... 

Connecticot 

Delaware. . . 

Florida 

Georgia 

Illinois 



Indiana. 



Iowa. 



Kansas 

Kentucky.. 
Louisiana. . 
Maine 



Maryland 

Massachusetts.. 

Michigan 

Minnesota. 



Mississippi 

Missouri 

Nebraska 

New Hampshire. 



New Jersey 

New York 

North Carolina.. 
North Dakota... 

Ohio 

Oklahoma 



Oregon 

Pennsylvania. 



Rhode Island.. 
South Carolina. 
South Dakota... 

Tennessee 

Texas 

Vermont 



Virginia 

Washington.... 
West Virginia.. 
Wisconsin 



Wyoming.. 



Total. 



1,120,000 
6,760,000 
1,860,000 



87,700 

200,000 

18,560,000 
2,400,000 
2,688,000 



1,000,000 



800,000 



160,000 

224,000 

9,000,000 

240,000 



366,000 

138,700 

4,400,000 

4,600,000 



6,173,000 

1,920,000 

266,000 

43,000 



601,900 
676,000 
2^00,000 
226,000 
200,000 
36,000 

600,000 

96,000 

17,900 

1,760,000 

226,000 

800,000 

1,620,000 

70,000 



384,000 

76,000 

2,600 

2,600,000 

26,000 



Shaler. 
Do. 

The area In Sacramento Valley was measured from a map of that 
section issued by the State in 1906, while the remainder of the 
area was obtained from the Land Office map. 

State entirely mapped topographically, and estimate obtained by 
direct measurement. 

38 per cent of estimated swamp area miqiped. Remainder on- 
certain. 

Shaler. 
Do. 

This represents overflow areas along the streams as given bv the 
State Geological Survey. It is estimated that 90 percent oi this 
area is either wholly or inadequately protected against floods, 
but if protection were afforded $160,000,000 would be added to 
the farm values of the State. The uplands are practically 
drained. 

This includes 600X100 acres of overflow land along the Wabash, 
West Fork of White, and Ohio rivers where levee protection is 
needed. Estimated from direct measurement of map compiled 
in field by writer. The remainder of the swamp area Is found 
'\j along Kankakee River, as most of the uplands are 



Estimate based on the writer's knowledge of general conditions 
in the State. Areas found chiefly in north-central part and on 
Missouri slope. Drainage is progressing so rapidly that esti- 
mates must oe revised frequently. 
Shaler. 
Do. 
Do. 
The average swamp area per square mile for New York, New 
Hampshire, and Vermont was taken as the area per square mile 

for ^^af f%A 

Swamp area practically mapped. Estimated fh>m direct meas- 
urement. 

State entirely mapped topographically. Estimated from direct 
measurement. 

Shaler's estimate reduced somewhat to allow for land already 
drained. 

Estimate based on Shaler. State has received 4,600,000 acres 
under swamp act. State drainage engineer estimates that there 
were 10,000,(xK) acres too wet for agriculture, of which 3,000,000 
acres have been drained. 

State Geological Survey. 

Shaler. Area chiefly in southeastern part of State. 

Shaler. 

30 per cent of State mapped topographically. Assuming same 
ratio of fresh marsh to dry land mapped to hold true for entire 
State gives 37,400. or 43.000 acres of both fresh and salt marsh. 

State entirely mapped. Estimated from direct measurement. 

81 per cent of swamp area mapped topographically. 

Shaler. 
Do. 

Based on writer's knowledge of general conditions. 

Includes Indian Territory. Swamp area practically mapped. 
Estimated from direct measurement. 

48 per cent of swamp area mapped. Remainder of area obtained 
from Land Office map. 

62 per cent of swamp area mapped. Remainder of area somewhat 
uncertain. 

State entirely mapped. Estimated from direct measurement 

Shaler. 
Do. 
Do. 
Do. 

Of area of State, 39 per cent mapped topographically. Estimate 
based on assumption that ratio of swamp to total area mapped 
applied to entire State. 

60 per cent of swamp area mapped. Remainder estimated from 
knowledge of general conditions. 

52 per cent of swamp area mapped. Remaindw of area uncertain. 

State entirely mapped. Estimated from direct measurement. 

Shaler's estimate reduced somewhat to allow for land already 
drained. 

Swamp area practically all mapped. Estimated from direct meas- 
urement. This is exclusive of Yellowstone National Pai^ 



74,641,700 
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OWNEBSHIP. , 

Under the swamp act of 1850 practically all the public swamp 
lands have been donated to the States in which they are located, 
with the proviso that the funds derived from their sale shall be 
used to reclaim them. As a result, not more than 1,300,000 acres, 
approximately, remained as public lands June 30, 1907 (see Land 
Office circular on unappropriated lands). Such lands were donated 
only to the States existmg in 1850, not to those thereafter admitted. 
These lands were located as follows ; 

Acres. 

Alabama 5,000 

Arkansas 17,000 

Florida 78.900 

Louisiana 4,600 

Minnesota (approxiuiately) 1,200,000 

Wisconsin 2,200 

Total 1 1, 307. 700 

This is approximately 1.7 per cent of the entire swamp area of the 
country. 

The Commissioner of the Land Office for 1907 gave the following 
summary of swamp-land claims that had been approved : 

Swamp-land claims approved and certified under various grants. 



Stote. 



Claims ap- 
proved—to- 
tal since dates 
of grant. 



State. 



Claims ap- 
proved— to- 
tal since dates 
of giant. 



Alabama. 
Arkansas. 
California 
Florida... 
niinois. . . 
Indiana.. 

Iowa 

Louisiana 
Michigan. 



Acret. 

419,325.76 
7,695,637.26 
2,078,444.93 
20,458,866.46 
1,497,028.35 
l,2d6,075.75 

942,180.67 
9,385,026.27 
5,731,608.68 



Minnesota. 
Mississippi . 
Missouri . . . 

Ohio 

Oregon 

Wisconsin. 

Total 



Aeret. 

4,533,588.77 

3,341,057.98 

4,498,573.28 

26,271.95 

355,749.62 
3,353,067.86 



65,582,503.60 
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The following table shows the amount of swamp lands still owned 
by the States, and also what disposal has been made of the remainder: 

State aumership of swamp lands and method of disposing of remainder. 



St&te. 


Owned by 
State. 




AiftbaniA ..xx .' . 




200 





2,6^,000 







0,500 

2,500,000 
10,000 



100 

100 

230,000 



1,000 




State granted lands to trustees of Alabama insane hospitals. 


Arkfinsas . 


California 


Practically alTheld In private ownership. 

Lands held in private ownership. 

9,230,000 acres granted to private parties, canals, etc.; 8,280,000 

acres wanted to raihrnuls. 
Practically aU held In private ownership. 

State conveyed lands to counties, which sold them to individuals. 
Practically all held In private ownership. 

State conveyed lands to counties, whidi sold them to individuals. 
State conveyed lands to various levee boards, which sold them to 

individuals. 
Remainder sold to Individuals and proceeds of a part spent In recla- 

maUon work. The rest were disposed of under state homestead 

laws. 
Haiti AindAr $nit\ to individuals- 


Connecticut a 


Florida 


Qeorgia 


niinois 


Tnc^lftTift. 


Iowa . 




Mifthigvi 


Minnesota 


Mississippi 


Remainder sold or donated to commissions for the Improvement 

of certain rivers. 
Prior to 1860 some lands patented to Individuals, bat after that 

date the lands were conveyed to the counties. 
Remainder held in private ownership. 
Do. 


MI«?AU«1 


New Jersey « 


NewYorka 


North Carolina a 

Ohio 


These lands are owned by the stete department of education. The 
remainder of the swamp lands are held in private ownership. 
Practically all held in private ownership. 


Oregon 


South Carolina o 

Texas a 


Lands granted to Individuals. 

(No date.) 

Practically all held In private ownership. 

2.000,000 acres sold for benefit of normal school fund. Remainder 


Virginia* 



50,000 


Wisconsin 




sold for benefit of general ftmd. The lands still owned by the 
Stete have recently been appropriated for a forest reserve. 



« states did not receive lands under swamp act. In the States omitted from the above 
list the swamp areas are small and are cnlefly owned by individuals. 



COST AND BESULT OF RECLAIMING SWAMP LANDS. 

The cost of reclaiming the swamp lands in the United States has 
varied so widely that no attempt will be made to reach general con- 
clusions on the subject. Instead, typical examples in different parts 
of the country will be ffiven in order that a basis may be formed for 
estimating the cost of future work. 

With regard to the manner of reclamation, wet lands may be 
divided into two classes — (1) those requiring protection by levees 
from periodical overflows, with additional interior drainage; and 
(2) those that a«*e wet the most of the year owing to defective natural 
drainage. This latter type is found not onlj along the rivers, but 
also on the uplands and frequently on divides. It comprises the 
greater part of the wet land and is, fortunately, capable of being 
reclaimed at less expense than the other type, and with less uncertainty 
regarding the success of the project. Usually all that is needed to 
drain swamps of this type is improvement of the natural drainage 
lines and the addition of artificial channels sufficiently large to take 
care of the run-off during the wet seasons. 

The reclamation of wet lands of the overflow type involves a study 
of the rivers causing the overflow before protective measures can be 
undertaken intelligently. It is necessary to have records of flow 
extending over a series of years in order that the maximum discharge 
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can be determined. When this is known, it is necessary to build 
levees of sufficient height and strength to withstand this maximum 
flow. As the building of the levees closes the natural drainage 
channels of the land protected, it is also necessary to construct arti- 
ficial channels which lead either to reservoirs from which the rim-off 
is pumped during hidb water or else to the lower end of the district, 
which IS left open. Therefore it is easily seen that the reclamation 
of lands of this type involves greater expense and a higher order of 
engineering ability. 

It is difficult to determine the actual cost of reclaiming the wet 
areas in the past, as much of the work done was inadequate to drain 
the lands properly and consequently further work was necessary to 
complete the drainage, and, as this work was done in a haphazard 
way, the total expense was greater than it should have been. Again, 
many of the drainage ditches have not been properly kept up, so it is 
difficult to say whether the cost given represents the complete rec- 
lamation of the land. The same thing is true of the levee systems. 
In the lower Mississippi Valley it is customary to leave the lower end 
of the districts open so that the interior drainage may have a gravity 
outlet, but in the upper valley, where the areas are much smaller, 
the districts are entirely closed, making pumping necessary during 
certain seasons, to properly care for the interior drainage and upland 
drainage adjacent As many of the northern districts have either no 

Simiping plants or inadequate ones, the result is that during periods of 
igh water the protected land is more or less wet and so reclamation 
can not be considered complete. In the reclamation of both types of 
swamp, small yearly charges for maintenance are necessary in addi- 
tion to the first cost 

With the foregoing limitations, examples of cost and result are 
given, which were obtained for the most part from engineers and land- 
owners directly interested. 

WET LANDS DUE TO DEFECTIVE NATXJBAL DBAINA6E. 

Indiana. — ^Twenty-three thousand acres have been reclaimed in 
Morgan County at a cost of $4 per acre. 

In 1900 a tract of 7,200 acres, adjacent to Kankakee River in La 
Porte County, was bought for $21 per acre. The cost of straighten- 
ing the river channel and to tile draining brought the cost up to $55. 
The land is now selling for $100 and upward. As the Kankakee .chan- 
nel was not enlarged sufficiently to care for the maximum discharge, 
the land is overflowed in the spring and hence reclamation can not oe 
considered complete. 

Illinois, — In 1885, 35,000 acres of land in Mason and Tazewell 
counties were drained. Previous to drainage the land was worth $10 
to $15 per acre, and eighteen months after me ditches were completed 
it was worth $50 to $60. 

Three thousand five himdred acres have been drained in Champaign 
County at a cost of $5 per acre, with an increase in value of $75 for 
land fuUy reclaimed and $5 to $25 for partially reclaimed land. 

In '\^Tiiteside County 28,000 acres have been drained at an average 
cost of $7 per acre, with an increase in value of $25 to $50. 
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In Bureau and Henry counties 33,000 acres have recently been re- 
claimed at a total cost of $420,000, or an average cost of $13 per acre. 
The 33,000 acres comprised land varying from permanent swamp to 
land wet only during rainy seasons. The swamp comprised one- 
fourth of the area and was assessed $10 per acre. This swamp land 
had no aCTicultural value, but was held at $25 for speculative pur- 
poses. The increase in value has been $30, exclusive of the cost of 
reclamation. 

J. A. Harman, an Illinois engineer of wide experience in drainage, 
states: 

The cost of drainage of IlUnois lands has varied greatly. On the flat prairie 
lands, where no water is to be cared for except that which falls directly upon 
the lands in the drainage district, from $3 to $5 per acre has been found sufli- 
cient to provide a drainage system of main ditches and $6 to $12 per acre addi- 
tional for complete tile drainage. Where it is necessary to straighten streams 
of any considerable magnitude the cost ranges from $10 to $20. 

Minnesota, — ^The state drainage engineer states that 3,000,000 acres 
have been drained in Minnesota at an average cost of $1.50 per acre, 
exclusive of tile drainage, which would cost $6 to $10 per acre addi- 
tional. He cites an instance where land was drained in 190C, and 
in 1908 produced celery which gave a net return of $1,500 per acre. 

Iowa. — ^Twenty-two thousand acres in Calhoun County were par- 
tially drained at a cost of $3 per acre, with the result of doubling 
the value of the land. 

New York, — ^Thirty thousand acres in Conawango swamp were 
drained at a cost of $2.50 per acre. Previous to drainage the land 
was worth from $2 to $5, but after drainage was valued at $30 and 
upward. 

South Carolina. — The sanitary and drainage commission of Charles- 
ton County reclaimed 75,000 acres of swamp in that county at a cost 
of approximately $1.50 per acre. The Secretary of the commission, 
Hon. James Cosgrove, states that the land was assessed at $2 per acre 
prior to drainage, but has now increased so in value that some of it 
IS held at $250 per acre. Regarding the improvement to health, he 
quotes a letter from the A. C. Truxbury Lumber Company, as follows : 

We are in receipt of your letter of the 16th instant asking for our experience 
relative to the health of our employees, and in reply we wish to say that when 
we first decided to locate in Charleston and were looking for a site we were 
informed that the property adjoining Horlbock's woods was considered very 
unhealthy, but we had faith In the work of the drainage commission and decided 
to erect our plant at that place. This section had always been unhealthy, so 
much so that it was impossible for the people to live in the vicinity. One of 
the first buildings which was erected was a large 20-room hotel, which was built 
in 1005 and has since been fully occupied by our employees, many of whom 
came from a different part of the country and were therefore unaccllmated, 
but we have yet to hear of the first case of malaria at the hotel. This is also 
the ease with all of our employees, and we are satisfied that this section is now 
as healthy as any in the country. 

LANDS SUBJECT TO PEBIODICAL OVEBFLOW. 

Cost for reclaiming lands of this type can be given only for the 
upper Mississippi Valley region, as investigations have not yet been 
made in the Southern States. 

The result of leveeing the lands along the upper Mississippi has 
been to increase the value from $5 to $15 for unprotected lands to 
$70 to $100 for lands properly leveed and drained. 
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Reclaimed overflow lands on upper Mississippi River. 
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District 



Area. 



Cost per 
acre. 



Remarks. 



Drury 

Egyptian... 
Sny Island.. 
South River 



Acres. 
6,700 

11,000 
110,000 

10,030 



118 
18 
20 
20 



Includes pumping plant. 
No pumpmg plant. 
No pumping plant needed. 
No pumping plant. 



Along the Illinois River unprotected bottom land is worth $5 to 
$15, while fuUv reclaimed land sells for $100 and upward. Much 
of the land is leveed, but is not properly provided with an interior 
drainage system. Such land sells for $35 to $60. 

Reclaimed overflow lands on Illinois River. 



District. 



Area. 



Cost per 
acre. 



Remarks. 



Big Swan... 
Hill view.... 
Nutwood... 
Partridge. . . 
Sluing LAke 



Acres. 
12,000 
12,500 
11,000 
3,000 
12,500 



$18 
25 
25 
30 
20 



plant. 



Includes pumping |>lant 
No pumping plant. 
Includes pumping plant 
No pumping plant. 



Mr. J. A. Harman, who was quoted previously, states : 

Along the lUinols River where it is necessary to construct levees which will 
average from 12 to 15 feet high, drainage ditches, and pumping plants, the 
cost varies from $20 per acre to |50 per acre for the leeves, main drainage 
system, and pumping plant In no case so far has the cost been found prohibi- 
tive; in other words, these lands, which are subject to overflow and now have 
no productive value, but a speculative value of $5 to $25 i)er acre, can well atTord 
a drainage tax of even as much as $50 per acre, because when drained they will 
have a productive value equal to the best land in the Mississippi Valley. 

Indiana. — ^The O. P. D. levee opposite Newport protects 1,400 acres 
of land from the Wabash overflow at a cost of $20 per acre. There 
is no pumping plant. 

In Sullivan County land that was worth $5 to $10 before leveeing 
is now worth $15 to $100 per acre. 

COST OF FTTTUIIE BECLAMATION. 

As the reclamation of wet lands has been shown to involve inex- 
pensive engineering work mainly, there is no reason to doubt that 
the greater part of the swamp and overflow lands in the country 
can be reclaimed at comparatively small cost per acre. Whether the 
character of the soil in all cases will warrant the expense can be de- 
termined only by further investigation, but the results already accom- 
plidied show that as a rule the wet lands are exceedingly fertile. 

Whether the future cost of reclamation will be suDstantially the 
same as in the past, or whether it will be less, will depend largely 
upon the manner of doing the work. Especially is this true regard- 
ing the overflow lands. If these lands are reclaimed by the owners of 
different tracts acting independently of one another and reclaiming 
only comparatively small tracts at a time, with a possible result that 



Digitized by 



Google 



368 BEPOBT OP NATIONAL CONSERVATION COMMISSION. 

prot^tion to one section may make conditions worse in another, there 
IS no reason to suppose that the final cost will be lessened except as 
methods and machinery are improved. But if the land along a river 
can be treated as a unit, the work can unquestionably be done more 
efficiently and cheaply. 

In southwestern Indiana a preliminary report was made regarding 
the leveeing of 91,000 acres of Wabash River overflow, and it was esti- 
mated that the cost would be $8 per acre. 

In Iowa drainage is being pusned very rapidly by means of drain- 
age districts organized under state laws, whereby the land is as- 
sessed according to the benefits derived. In these districts the maxi- 
mum assessments range from $3 to $11 per acre in the various dis- 
tricts. 

In southeastern Missouri it is estimated that 500,000 acres of swamp 
and overflow land can be reclaimed at a cost of $10 per acre. 

Mr. J. F. Le Baron, consulting civil engineer, after making pre- 
liminary surveys of the delta lands of Louisiana for the purpose of 
reclaimmg them for rice culture, states (Trans. Am. Soc. Civ. Eng., 
vol. 54) : 

If this land should be taken in single sections and it should be necessary to 
bring the water in a long flume and pump also, with a reservoir, the cost would 
be $16.50 per acre, while on the other hand in those locations where no pump- 
ing would be necessary, but the land could be flooded and drained by the action 
of the tide, the cost would be only $2.41 per acre. Each of these cases can 
occur on these lands. 

As to the income, the opinion is unanimous among all in that district with 
whom the writer has conversed that these reclaimed lands would rent easily 
and quickly for $5 per acre up to $14, with water supplied, paid in rice. 

These delta lands are so much richer than the prairie lands that, measured 
by their productiveness, they should easily bring twice as much, to say nothing 
of their immediate proximity to the metropolis of the State. There is no doubt 
tliey would be worth $200 to $300 i>er acre for truck farming when reclaimed, as 
some of these lands are only 3 miles from the center of the city of New Orleans, 
with a population of about 340,000. 

PBESENT STATUS OF DRAINAGE. 

While drainage work has been carried on for years in the upper 
Mississippi Valley, with the result that ^ many hundred thousand 
acres in that section have been drained and are now among the 
richest farm lands, most of the other sections of the country have 
seriously considered the problem only within the past few years. The 
most feasible method of procedure has been the organizing of drain- 
age districts by the landowners, under the state laws, with authority 
to raise funds by issuing bonds secured by the lands benefited. In 
this way the greater part of the land has been reclaimed. 

Following IS a brief account of the present status of drainage in 
each State: 

4 Zaiamrt.— Practically no work is bemg done m this State. 

Arkansas. — Considerable work is being done in St. Francis Basin 
and in the southwestern part of the State. 

California, — ^The most serious problem is the reclamation of the 
Sacramento Valley. In this section of the State, where the soil is 
extremely fertile, there are approximately 1,000,000 acres of swamp 
land, which may be increased m years of excessive high water. For 
years the landowners, assisted to some extent by the State, either 
through district organizations or by individual effort, have endeavored 
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to levee the Sacramento River. These projects have been undertaken 
independently of one another, with the result that leveeing one sec- 
tion of the river, particularly in the lower region, has frequently 
made conditions worse in another section. It is estimated that vast 
sums, possibly reaching $20,000,000, have been spent chiefly by the 
landowners in river improvement and drainage work. Owing to 
the ffreat amount of mining debris or detritus mat is brought down 
by the Feather River into 3ie Sacramento the river bed of the latter 
is constantly being built up, with the accompanying effect of lowering 
the levees. 

In 1904 and 1907 the high water flooded several of the best levees 
of this district and did an inmiense amount of damage. The latter 
flood holds the record as to both height of water and damage done. 
The loss has been estimated at $5,^0,000, most of which was on 
account of the damage to growing crops along the lower reaches of 
the San Joaquin and Sacramento rivers. 

After the 1904 flood a state convention was called to consider 
the question, and a permanent organization, known as the " River 
Improvement and Drainage Association of California," was per- 
fected. Through the efforts of this association many valuable data 
in regard to flood problems have been collected. A board was also 
organized consisting of three army engineers and the state engineer, 
wmch made a careful studv of the situation, resulting in a federal 
appropriation for a detailed survey and report. This survey is being 
made at the present time by the army engineers. In addition to the 
above the State is cooperating with the United States Geological 
Survey in making detail topographic maps of the Sacramento v al- 
ley, and is also cooperating in the collection of run-off data. The 
Sacramento River being navigable, the Federal Grovernment has done 
a large amount of dredging m an endeavor to maintain a navigable 
channel. 

Florida, — ^The State has created a drainage district embracing most 
of the Everglades, and by imposing an annual tax of 5 cents per acre 
has created a fund with which to reclaim the land. At present there 
are two dredges at work cutting channels inland from the Atlantic 
Ocean. No other work of any size is being done in the State. 

Georgia. — ^Attempts were made about 1894 to drain Okefinokee 
Swamp, but were abandoned before completion. No work is being 
done at present. 

Drainage has been carried on actively for years, resulting in the 
drainage lias been carried on actively for years, resulting in the 
drainage of practically all the upland marshes. The work remaining 
is chiefly protection against river overflow. 

Illinois. — ^The last general assembly of Illinois made a small ap- 
propriation for the beginning of surveys and studies of the overflow 
lands of the State, for the purpose of acquiring a knowledge of the 
existing conditions and the methods by which the needed improve- 
ments mav best be made. In accordance with this legislation, the 
State Geological Survej^ last year began the topographic mapping of 
portions of the Kaskaskia, Big Muddy, and Emoarras rivers, m which 
it cooj)erated with the United States Geological Survey. As a result 
of this cooperation a topographic map on a scale of 2,000 feet to the 
inch, with a contour interval of 5 feet, is being made of important 
sections of these streams, the larger part of the work being carried on 
72539— S. Doc 076, 60-2, vol 3 24 
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in the Kaskaskia River valley, the map of which is now practically 
completed from Shelbjrville to the mouth of the river. 

Indiand. — ^As in Illinois, drainage work has been carried on in 
Indiana for years, resulting in the drainage of the upland marshes. 
The work remaining is chiefly protection against the overflow of 
Wabash. White, and Kankakee rivers, but practically nothing is being 
done. Along the Kankakee River the problem has changed &om that 
of draininff marsh lands to protection against overflow. 

/{Hoa.— Although drainage has not been carried on as long in Iowa 
as in Illinois and Indiana, it is being pushed very rapidly at present, 
with the result that the swamp lands are being rapidly drained. 

Louisiana. — Beyond building levees along the Mississippi, little 
work has been done until recently. Now, however, a number of indi- 
viduals have acquired large tracts of swamp land and are actively 
Sushing the work of reclamation. The Manufacturers Record of 
une 18, 1908, describes approximately 320,000 acres that are being 
reclaimed.* 

MicIUgan.— In the Southern Peninsula drainage is being actively 
carried on, with the result that thousands of acres of the richest land 
have been reclaimed. The Northern Peninsula, however, is still 
heavily wooded, and until cleared there will be little drainage work 
undertaken. 

Minnesota. — ^The State owns approximately 2,500,000 acres of wet 
land, for the drainage of which the legislature has approj)riated 
$50,000 per year, and created a drainage commission, consisting of 
the governor, state auditor, and secretary of state. Up to 1906 
the State had spent $317,000. The owners of the remainder of the 
swamps are actively engaged in draining them, with the result that 
the state drainage engineer estimates that all the lands will be drained 
in fifteen years at the present rate of progress. Provision was made 
by the Nelson Act of 1889 for the settlement by homesteaders of the 
ceded Chippewa lands of northern Minnesota, comprising an area 
of over 5,000 square miles. The settlement of these lands ceased 
immediately after the occupation of the high portions, as the re- 
mainder was almost entirely swamp. Congress on June 21, 1906, 
authorized the Secretary of the Interior to make a drainage survey 
of the lands in this area which remained unsold and which were wet 
or swampy in character, with a view to determining what portion 
thereof might be profitably and economically reclaimed by draina^. 
This survey has just been completed under the direction of the Di- 
rector of the United States Geological SurvOT, and the results will 
be reported to Congress during the winter. The report for the Mud 
Lake district within this area has been completed and is included 
in Document 607, House of Representatives, Fifty-ninth Congress, 
second session, and is in sufficient detail to permit immediate con- 
struction work should Congress consider this step advisable. 

Mississippi. — ^The levee along the Mississippi River is now prac- 
tically completed. It is estimated that within the next two years 
this great work will be accomplished and will prevent in the future 
all overflows of the Yazoo Delta from this source. There is great 
activity in various sections of the State looking to the drainage of 
the very fertile delta lands. An act was passed l)y the legislature of 
the State on March 2, 1908, creating the Tallahatchie drainage dis- 
trict, incorporating the Tallahatchie drainage commission, and au- 
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thoriziiig the governor to appoint the members thereof. This com- 
inission was given the right of eminent domain and empowered to 
issue bonds, levy and collect taxes for drainage construction, and enter 
into cooperation with the United States Government for making topo- 
graphic surveys and maps of said district. Cooperation between the 
governor of Mississippi, the Tallahatohie drainage commission, and 
the United States Gfeological Survey was entered into on June 15, 
1908, for the topographic mapping of this area on the scale of 2,000 
feet to the inch, with a contour interval of 5 feet. Since that time 
active work has been in progress and about 40 per cent of the esti- 
mated area of the district (1,800 square miles) has been completed. 

Missouri. — ^A drainage district has been formed to reclaim 600,000 
acres of land in the southeastern part of the State. Preliminary sur- 
veys have been made, and from these it is estimated that the cost will 
be $5,000,000. Considerable work is being done by landowners to 
protect lands from overflow along the Grand, Marais des Cygnes, 
Tarkio, and Chariton rivers. 

Nebraska. — Considerable work is being done to protect the bottom 
lands of the Missouri from the overflow of the tributaries coming 
from the bluffs. 

New Jersey. — The State has made appropriations ($23,000 in 1907) 
for ditehing the salt marshes for the purpose of exterminating the 
mosquitoes. Although the work enables marsh hay to be grown, 
diking against high tides is necessary for complete reclamation. 

North Carolina. — Very little work has been done, but the State 
recently turned over to the control of its Geological Survey two 
swamps aggregating 55,000 acres. This was done for the purpose of 
studying me feasibility of draining them. A state drainage conven- 
tion was held September 9 and 10, 1908, to stir up interest in drainage 
and to devise means for prosecuting the work. 

North Dakota. — Preliminary surveys were made several years ago 
to protect thousands of acres from Red River, but no actual construc- 
tion work has been done. 

Oregon. — In connection with an irrigation project a considerable 

Sortion of the swamps in the vicinity of Klamath Lakes is being 
rained by the United States Reclamation Service. 

South Uarolina. — The only considerable work is the continuation of 
the work of the sanitary and drainage commission of Charleston 
County in reclaiming the swamps of that county. This commission 
was organized under the state laws. 

South Dakota. — Several drainage districts have been organized to 
drain the lands in the Missouri bottoms. 

Texas. — ^A number of drainage districts have been organized to 
reclaim land in the southeastern part of the State. 

Virginia.— At present nothing is being done to reclaim the largest 
swamp area in the State — the Dismal Swamp. Capt. John G. Wal- 
lace, who has spent his life in that region, states that no steps will be 
taken by the owners until the route of the proposed Chesapeake and 
Albemarle canal is decided upon, as that will influence the drainage 
problem. 

Wisconsin. — Drainage is being pushed fairly actively, with the re- 
sult that thousands of acres have already been reclaimed. 

Nothing is being done in the States omitted from the foregoing list 
In most 01 them we swamp areas are smaU and scattered. 
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WOBK OF THB TTKITISD STATES aEOLOGICAL 8TJBVEY. 

By two branches of the Geological Survey work is being done 
which has an important bearing on the reclamation of swamp lands; 
these are the topographic and the water-resources branches. 

The work or the topographic branch consists in making a topo- 
graphic map of the entire country, about 35 per cent of which has 
been completed. It includes a considerable portion of the swamp 
and overflow areas, and in addition to the actual swamp lands the 
higher land adjacent has been mapped, a work which is essential to a 
thorough understanding of the drainage problem. In connection 
with the surveys for mapping purposes, level lines are run giving 
accurate elevations, and thus much information necessary for making 
drainage plans is obtained. 

In the water-resources branch the work consists chiefly in maintain- 
ing records of flow of the principal streams, and in this way data 
are being collected regarding the flow of streams that are either out- 
lets for swamps or that overflow their bottom lands. While the in- 
formation gatnered is of importance in connection with the reclama- 
tion of lands of both types, it is especially valuable in the matter of 
leveeing overflowed lands, where the maximum discharge must be 
known if the reclamation is to be complete. 

Besides the above work, data are being compiled relating to size 
and location of various swamp areas, in order that a map of each 
State, showing swamp conditions, may be prepared. Methods and 
cost of reclamation are also being studied, in order that the cost of 
future work of the same kind may be closely estimated. 
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SWAMP AND OVERFLOW LANDS. 



By Dr. A. O. True, 
Director of OfBce of Experiment Stations, U. S. Department of Agriculture. 



The term "swamp and overflow lands," as commonly used, re- 
fers to lands whidi in their natural state are unfit for cultivation by 
reason of their swampy and overflowed condition. The term, as used 
by agriculturists, has reference to lands which can not be profitably 
cultivated without draining. The total area of swamp and over- 
flow land in the United States was ascertained by a recent investi- 
fition made by the Department of Agriculture as 79,005,023 acres, 
hese lands are classified as follows: 

Acres. 

Permanent swamp land which Is never fit for profitable cultivation 
or grazing 52, 665. 020 

Lands which afford pasturage for stock, usually termed ** wet graz- 
ing land " 6, 826, 019 

Lands which in their natural condition are subject to periodical 
overflow by streams, but which at other times produce valuable 
crops, and called "periodically overflowed land" 14,747,805 

Lands which may be profitably cultivated during seasons of light 
rainfall, but In other seasons are too wet for cultivation, and 
designated as " periodically swampy land " 4, 766, 179 

Total 79, 005, 023 

In addition to this area there are 100,000 acres of land in the arid 
west, once irrigated, which have been abandoned because of swampy 
or wet condition, and an additional 661,000 acres which are only 
partially productive because of their wet condition. 

By the act of Congress of 1850, and subsequent acts, all federal 
swamp and overflowed lands were granted to the States in which they 
were located. With the exception of 3,200,000 acres of ceded Indian 
lands in the Slate of Minnesota and an undetermined amount in the 
State of Florida not yet claimed by the State, all the swamp and 
overflowed lands are owned by individuals, companies, or States. 

The term " reclaimed land " has no exact meaning, but commonly 
refers to wet lands which have been wholly or partially improved by 
draining. Lands are frequently said to be reclaimed when relieved 
of water only sufficiently for pasturing purposes. By many land- 
owners the term is applied only to lands which have been drained 
sufficiently to produce all kinds of cultivated crops which are adapted 
to the climate and soil. It is estimated that 15,889,000 acres have 
been reclaimed for profitable farming purposes, a large part of which 
lies in the Mississippi River valley. 
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Swamp lands lying in the prairie regions have been sufficiently 
drained for use as lowland pastures at a cost of $2 to $4 an acre. 
When the same land is drained for the production of cultivated crops 
the cost amounts to $15 to $20 an acre, and sometimes as high as 
$30 an acre. 

Timbered swamp land costs 25 per cent more to drain than prairie 
land, and $20 an acre more to clear it of stumps and prepare it for 
cropping. 

The 15,889,000 acres which have been converted from permanent 
swamp into arable land are now well-improved farms which produce 
a maximum yield of crops. Many of such farms are worth not less 
than $100 an acre, the value of the land without surface improve- 
ments being $75 an acre. 

A conservative estimate of the increased value of farm lands due 
alone to draining is $320,000,000 over and above the cost of the opera- 
tions. 

Of the estimated 79,000,000 acres of swamp and overflowed land 
it is probable that only about 60,000,000 acres can be reclaimed and 
made profitable for agriculture under the present condition of labor 
and the demand for products. The proauction of lands already 
under cultivation is being increased. The productive value of many 
of the unreclaimed swamp lands, when drained, is problematical. 

The cost of the construction of the larger worts of drainage is 
decreasing, by reason of improved machines and methods of excava- 
ting large channels. The cost of such work has decreased one-half 
during flie last fifteen years. The expense of developing the land, 
after the main drainage has been provided, is probably 20 per cent 
higher than it was fifteen years ago. A safe estimate for draining 
60,000,000 acres sufficiently for good farming land is $20 an acre. 

Our country could support 600,000 more families upon farms thus 
drained, and as many more who would be engaged in other occupa- 
tions in the towns and villages which would follow the development 
of the land. 
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TENURE OF FARM LANDS. 



By Prof. Le Grand Powers, 
United States Census Bureau. 



For the last half century at least there has been a decided tendenCT 
toward smaller individual farm holdings. The data upon which 
this statement is based were obtained largely from the reports of the 
United States Census Bureau. These reports for the various census 
years are on slightly different bases, and a statement of the differences 
may as well precede an exhibit of the facts to be gleaned from the 
reports of that office. 

The first statistics of American farm holdings that can be com- 
pared with those of the present day were collected in 1850. In that 
year the United States census ascertained the number of farms and 
the total number of acres in farms, and thus obtained the data for 
determining the average size of farms. It did not, however, ascer- 
tain how many of these farms were cultivated by owners and how 
many by tenants, the nimiber of separate individuals who owned 
farm lands, or the total number of farms of any specified area. The 
information collected by the census in 1860 and 1870 was identical in 
character with that secured in 1850. 

In 1880 the census began to collect information relating to farm 
tenure, or the number of farms cultivated by owners and tenants, and 
tabulated the data so as to show the number of farms of eadi of a 
number of specified areas. The information collected and the tabu- 
lation employed in the census of 1880 have been made use of in each 
succeeding census, including that of 1900. In addition, the census 
of 1900 secured and tabulated certain information relating to the 
ownership of tenant farms. The data thus collected for six decennial 
years furnish a fair basis of ascertaining the trend in the greatest of 
Ajnerican industries with respect to the average size of the holdings 
occupied and cultivated by a farm owner or farm tenant and the 
average size of holdings of the persons owning farm land. The facts 
disclosed by these census data are here discussed under a number of 
distinct heads, the first to be considered being that of the average 
holdings of those who occupy and cultivate farm land. The facts 
relating to this subject are reviewed under the title which follows : 

DEGBEASED HOLDINGS OF FABMEBS OB FABM CULTIVATOBa 

For the purpose of sunmiarizing these data the census arranged the 
States and Territories of continental United States into five divisions, 
to which it gave the names of North Atlantic, South Atlantic, North 
Central, South Central, and Western. 
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The census data showed that the past changes and present condi- 
tions with respect to holdings in the States which were fairly settled 
before 1850 were different from those changes which have taken place 
or the conditions which exist in the great majority of States settled 
in later years. To bring out the difference here noted, the North 
Central and South Central States were divided into two groups, her© 
referred to as " old " and " new." The " old " North Central States 
are Ohio, Indiana, Illinois, Iowa, Missouri, and Michigan ; the " new " 
North Central States — Wisconsin, Minnesota, Kansas, Nebraska, 
North Dakota, and South Dakota. The new South Central are Texas 
and Oklahoma. The data for the latter were given in the census re- 
ports under the title of Oklahoma and Indian Territory. All the 
other States of the South Central division are here referred to as the 
old South Central. The States and Territories included in the North 
Atlantic, South Atlantic, and old North Central and old South Cen- 
tral divisions are here referred to as the older group and all other 
States as the newer group. The data collected by the census showed 
that in the older group there has been a marked and almost unbroken 
tendency toward smaller holding by individual farm cultivators from 
1850 to 1900. Every State within this group had a smaller average 
area of farm holdings in each census year than it had ten years 
previous; but combining the data of these individual States into 
groups, the old North Central had an average greater in 1890 than in 
1880, due to the different combination of the data for the individual 
States. In the newer group there was a marked tendency from 1850 
to 1870 toward smaller holdings, but since that time a tendency in 
the opposite direction. The average size of the farm holdings or in- 
dividual cultivators was given for each of the two croups and the 
seven divisions of States here mentioned for each of the census years 
from 1850 to 1900: 

Table 1. — Average acreage of holdings of farm cultivators^ 1850 to 1900, 



Group? and divisions. 


1900. 


1890. 


1880. 


1870. 


1860. 


1850. 


United States 


147.0 


136.5 


133.7 


153.3 


199.2 


202L6 






Older States 


103.4 


117.0 


124.0 


147.7 


190.9 


194 6 






North Atlantic 


97.5 
109.1 
112.2 

91.3 


95.3 
133.6 
115.4 
121.7 


97.7 
157.4 
114.3 
136.4 


104.3 
241.1 
122.3 
179.9 


108.1 
352.8 
141.3 
286.0 


112.6 


South AtlanUc 


376.4 


Old North Central 


143.0 


Old South Central 


25Q 8 






Newer States 


297.7 


205.8 


179.6 


195.7 


286.6 


4S8 4 






New North Central 


213.2 
324.4 
393.5 


171.1 
223.7 
324.1 


143.3 
208.4 
312.9 


130.1 
301.0 
33&4 


129.4 
500.9 
366.9 


147 8 


New South Central 


942.5 


Western 


604.9 







FABMS OF SPECIFIED AEEA. 



Mention has been made of the fact that since 1880 the census has 
so tabulated its data relating to farms and farm area as to disclose the 
number of farms of specified area. The data thus secured were given 
for the United States and for the two general groups mentioned in 
the following table: 
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Table 2. — Number of farms of specified area, J880 to 1900, 
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Area in acres. 



Under 10 

10 and under 20 

20 and under 50 

60 and under 100 

100 and under 500 

600 and under 1,000 

Over 1,000 



United States. 



1900. 1890. 1880. 



Older States. 



1900. 1890. 1880. 



233,6971 150,194 139,241 196,058 135,979 127,219 

406,0411 265,550 254,749) 352,198 237,686 227,067 

l,2u7,496 902,777 781,5741,047,060 778,134 684,394 

l,3t;6,038 1,121,485 1,032,810 1,096,239 928, 477^ 874,573 

1,290,2822,008,094 1,696,963 1,590,818 1,408,237 1,309,602 

102,52& 84,395. 75,972 44,699 64,674 61,197 

47,160 31,546' 28,678 13,004 17,641 90,867 



Newer States. 



1900. 1890. 1880. 



35,639 
54,448 
210,436 
269,799 
790,464 
57,927 
84,066 



14,215 
38,025 
124,043 
193,008 
600,467 
29,721 
14,006 



12,022 
27,682 
97,180 
158,237 
386,381 
14,776 
7,731 



In the compilation of the tables no areoimt was taken of a certain 
small number of farms reported in 1900 which contained less than 3 
acres. They were omitted as being of a character not included in 
the earlier census reports and their inclusion would make the figures 
not strictly comparable for the several years. 

In the older ffroup there was a continued and unbroken increase in 
the number of farms containing less than 500 acres and a correspond- 
ing decrease in the number of farms of greater area. The increase 
in the average size of farms shown for this group in Table 1 was. 
therefore, caused principally by a breaking up of tne larger farms oi 
the earlier years and the substitution of smaller ones in the later. 
At the time of their settlement there was the same tendency in the 
older States to acquire large holdings that is to be witnessed in the 
newer States at the present time. Then, as now, men who obtained 
land for nothing or for a nominal consideration secured all they 
could without regard to the area that could profitably be utilized by 
them for agricultural purposes. Later the holdings thus obtained 
must be adjusted to the area that can most economically be cultivated 
by the individual farmer. In the older group this has tended for 
fifty years to be of smaller and smaller area. Time alone can tell 
whether such will be the tendency in the newer group. All available 
information leads, however, to the conclusion that the census of 1910 
will disclose a marked tendency in the newer groups of the same 
character as the one shown in Table 2 for the older group. 

OWNERSHIP OF AGRICULTUBAL LAND. 

The Twelfth Census was the first to collect data relating to the 
ownership of rented farm land, although the information secured 
was not sufficiently complete to establish definitely the total number 
of individuals owning farm land and thus the average size of the 
holdings of such owners; yet it suffices for the student of the subject 
to establish that number and that area within narrow limits for cor- 
rectness. Well-known facts relating to agricultural lands and agri- 
cultural holdings in 1850 enable the student to secure the same data 
for the date mentioned within narrow limits of accuracy. The com- 

{►arison of the available data throws much light upon the Question: 
las the title to American farm land tended in tlie last firty years 
to pass to a fewer or larger relative number of individual owners? 

In 1848 Gov. John Young, in his message to the New York legisla- 
ture treating of the legislation needed to enforce the provisions of 
the third constitution of that State, adopted in 1846, forbidding the 
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longer continuance of the feudal tenure of agricultural land, esti- 
mated that the manorial holdings in New York aggregated 1,800,000 
acres, and that 260,000 people were residing on such holdings. These 
1,800,000 acres were owned by relatively few proprietors. The num- 
ber of separate farms on this area could not have been less than 30,000 
and may have exceeded 40,000^ provided the estimates of Governor 
Young concerning the population residing upon the same were cor- 
rect ; and the number of farm owners in the State was less than the 
number of farms by not less than 30,000, and it mav have been less 
by over 40.000. The foregoing figures assume that the great number 
of tenant farms in New York in 1850 other than those held in feudal 
or manorial tenure were occupied by the children of their owners. 
Making the same exception for the older States prcviouslv mentioned, 
and combining the statement of Governor Young with the census re- 
turns of the number of individual farms, the conclusion is reached 
that the number of persons residing in the older States and owning 
farm land in 1850 was not more than 1,370,000, and it may not have 
been over 1,350,000; and the area owned by each averaged not less* 
than 200, and that average may have been as great as 203.2 acres. 
In the newer States in 1850 the census reported only 39,244 farms, 
with an average area of 488.4 acres. The number of persons owning 
tenant-operated farms was doubtless nearly as great, if not quite 
the same, as that of such farms ; and hence the average area of land 
held by an individual owner was not less than 488 acres. Taking the 
country as a whole, and combining the data reviewed for the two 
great groups, we reach the conclusion that in 1850 the number of per- 
sons owning farm land in the United States numbered not less tnan 
1,390,000, and may have reached 1,410,000, with an average in the 
one case of 211.2 acres and in the other of 208.3 acres. 

Of the 5,737,372 farms in continental United States in 1900, 2,024,- 
964 were operated by tenants and 3,712,408 by their owners. It was 
further ascertained that 1,257,716 different persons owned 1,934,346 
tenant farms whose owners were ascertained. The number of tenant 
farms, the names and residences of whose owners were not ascer- 
tained, was 90,618. For the farms whose owners were ascertained, 
there was one owner for every 1.54 farms. Allowing the same relative 
number of owners for the farms with ownership not reported, the ten- 
ant farms of the United States in 1900 were owned by 1,316,516 sep- 
arate persons. Of these persons a limited number were operating 
owned farms, and thus included in the 3,712,408 persons operating 
farms of their own. The number of these persons was not ascertained. 
It probably was not less than 10 per cent and was with equal proba- 
bility not more than 20 per cent of the number of persons own- 
ing leased farm land; or in other words, was not less than 130,000 
and may have reached 275,000. Allowing these numbers, we find 
that the number of different persons owning farm land in 1900 was 
not less than 4,563,000 and may have equaled 4,893,000. The average 
holdings of the individual owners, therefore, was not less than 171.2 
nor more than 176.5 acres. 

The foregoing figures maj be compared with the corresponding 
totals for the United States m 1850 when the average owned acreage 
of farm land was not less than 208.3 and may have equaled 211.2 
acres. In spite of the enormous holdings of a few owners in the 
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newer States, some of which holdings are over 1,000,000 acres, the 
general movement of agricultural land is not only to be cultivated in 
smaller holdings but is to be owned in smaller parcels. 

The data secured do not admit of satisfactorjr analyses along the 
same lines for the several groups of States, owing to the fact that 
some land located in one State or ^roup of States is owned in other 
States. Allowing somewhat for this fact, the data obtained lead to 
the conclusion that in 1900 the 4,317,243 farms of the older group of 
States were owned by not less than 3,550,000 and by not to exceed 
3,700,000 persons. ITiis would give the average area owned by an 
individual of not less than 120 nor more than 125 acres, as compared 
with the average in 1850 of 200 to 203.2 acres. The area of land 
owned by an individual capitalist has, therefore, decreased in these 
older States almost as much as has the area tilled by the average 
farmer. 

CAUSES OF TENDENCY TO DECBEASE FABM HOLDINGS. 

The principal tendency to decrease farm holdings is social in its 
origin. The abolition of slavery changed the status of a great army 
of farm toilers; men who once were slaves, if retained on the farm, 
must be owners, tenants, or hired laborers. Since emancipation there 
has been a social movement among former slaves which has elevated 
a great portion of them and of their descendants, and they have be- 
come farm tenants. The small capital and lack of skill on the part 
of these former slaves, as well as tne absence of any lar^ amount of 
possible hired labor, makes these former slaves occupiers of small 
farms^ and their rise to tenancy becomes a most potent factor toward 
lessemng average farm holdings. 

A change in the average status of farm labor in the old Northern 
States has the same influence. The possibility for poor men who leave 
the East and go West to become owners of farms carved out of the 
Government land has, with the passage of years, made an increasing 
number of adult male farm workers unwilling longer to toil for wages 
on the farm. If they can not secure a farm in the Northeast as a 
tenant, they will leave that section of the coimtry and drift to the 
West. Hired labor can not be easily secured by those who have 
passed the age at which they wish to engage in hard farm labor. 
As a result, tenant labor displaced hired labor in the North as it dis- 
placed slave labor in the South, and with the decrease of hired and 
slave labor and an increase of tenant labor, the number of independent 
farms and farmers increases and thus forces a change in the size of 
farm holdings for the cultivation of the soil. Within narrow limits, 
the factors which deterinine the amount of land that the average 
farmer cultivates under his immediate management also determine the 
area of the tract which the average individual capitalist will acquire 
and continue to own. 

Whatever may have been the effect upon the production of the soil 
of this decrease in the size of farms cultivated by the average owner, 
there can be no question that the decrease and the consequent enor- 
mous increase, actual and relative, in the number of farm owners is of 
tremendous social significance. It measures the enormous increase of 
independence among the farmers and a corresponding decrease in 
the number of farm dependents, as can be seen by an analysis of the 
constituent parts of American farm population which follows. 

Digitized by VjOOQIC 



380 REPORT OF NATIONAL CONSERVATION COMMISSION. 

FABM TENXTRE AND THE STATUS OF FABM LABOR. 

The census statistics of occupations for the later census years have 
been taken and compiled on a basis quite different from that of 1850. 
As a result, no comparison can be made between the status of a^icul- 
tural labor in 1850 and 1900 without making use of some estimates 
for the earlier year. The writer estimates on the basis of the census 
data for 1850 and later years that the males employed in aCTicultural 
labor on American farms in 1850 could not have been less than 8,500,- 
000. At that time the farms numbered 1,449,078, some of which 
were operated by women, as has been the case in all subsequent years. 
Of the 1,449,078 farms, not less than 40,000 in New York alone were 
operated by tenants, according to the data contained in Gtovemor 
Young's message in 1848, and the number may have exceeded 50,000. 
The total number of tenant-operated farms in the United States 
could not have been less than 100,000; and of 1,000 farm owners and 
tenants, and males over 15 years old other than owners and tenants, 
working on American farms, approximately 376 were farm owners, 
28 farm tenants, 878 were wage-earners and children of farm parents, 
and 228 slaves. 

In 1900 the males 15 years of age and over working for wages in con- 
tinental United States numbered 8,549,789. The farms tilled in part 
or wholly by their owners were 8,712,408, and those tilled wholly by 
tenants were 2,024,964. For every 1,000 farm owners, tenants, and 
male workers other than owners and tenants over 15 years of age 
engaged on farms, there were 417 farm owners, 227 farm tenants, and 
256 others, of whom substantially one-half worked for wages or for 
their parents. 

The relative number of farm owners was greater in 1900 than in 
1850; the relative number of tenants was much greater in the later 
than in the earlier year, and has shown a tendencv to uninterrupted 
increase, while that of the lowest form of farm labor has shown a 
most marked tendency to decrease in relative impoHance. With 
slight changes in the relative condition of farm work, there has been 
a tendency m fifty vears to substitute tenant labor for slave and hired 
labor, ana this tenaency has beei^a most important factor in affecting 
farm tenure, the average size of farm land cultivated by the indi- 
vidual farmer, and incfirectly in increasing the relative number of 
Eersons owning farm land and in decreasing the size of land owned 
y the average individual landlord. 
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FISHERIES OF THE UNITED STATES. 



By Dr. Hugh M. Smith, 
Of the Burean of Fisheries, Department of Commerce and Labor. 



The following table gives the principal annual statistics regarding 
the fisheries of the United States : 



Items. 



Total. 



Number. Valne. 



Persons employed 

Vessels flshuig 

Tomiage 

Outfit 

Vessels transporting 

Tonnage 

Outfit 

Boats 

Seines : 

Gill nets 

Trammel nets 

Pound nets, trap nets, and weirs. 

Fyke nets 

Stop nets 

Beam trawls 

Paranxella nets 

Wheels and slides 

Lines 

Eel pots 

Lobster pots 

Dredges, tongs, rakes, and hoes. . . 

Cnb dredges and scrapes 

CrowfDot grapples, rakes, eta 1 . . . 

Sponge apparatus 

Other apparatus 

Shore and accessory property 

Cash capital 



210,534 
4,800 
07,188 



2,088 
02,402 



Total. 



88,800 

5,652 

268,228 

1,811 

12,012 

60,208 

350 

75 

32 

00 



20,056 
198,130 



10,425,723 



3,448,724 
4,687,801 



371,4W 

6,040,^ 

803,0n 

2,440,734 

85,600 

3,602,408 

860,160 

22,202 

2,267 

5,800 

160,255 

416,404 

27,413 

221,561 

400,101 

11,701 

13,683 

6,663 

04,435 

35,853,934 

25,648.014 



04,254,830 



The following table shows the annual amounts and value of the 
products of the fisheries by species : 



Products. 


Pounds. 


Value. 


Alewlves 


52,061.580 
2,104.717 
1,939,571 

16,575,661 
1,231,004 

14,534,141 
4,184,363 

12,718,008 

85,103,618 
1,397,306 
7,W2.243 
0.070,866 


1473,811 

53,073 

150,471 

781,802 

44 893 


Barracudas 


Blackbass 


Blueflsh 


Bonlto 


Buffalo fish 


340 397 


BnttArflsh 


138 761 


Catfish 


531,529 

2,295,085 

61,188 


Cod 


Crappie and strawberry ba^ 


Croaker 


142,076 
130,064 


Cusk 



S81 



Digitized by 



Google 



382 



BEPOBT OF NATIONAL GONSEBVATION COMMISSION. 



Products. 



Poundi. 



Valnsu 



Drum, fresh-water. 
Drum, salt-wator. . , 

Eels 

Flounders 

German carp 

Haddock 

Hake 

Halibut 

Herring 

Herring, lake 

Mackerel 

Menhaden 

Mullet 

Paddleflsh 

Paddleflsh caviar. . 

Perch, white 

Perch, yellow 

Pike perch 

Pike and pickerel . . 

Pollock 

Pompano 

Rockfish 

Salmon 

Soup 

Beaoass 

Shad 

Sheepshcad 

Silver hake 

Smelts 

Snapper, red 

Snapper, other 

Spanish mackerel. . 
Spot. 



Striped I 

Sturigeon 

Sturgeon caviar 

Suckers 

Sunfish 

Swordflsh 

Tautog 

Trout 

Whitcflsh 

Whiting and kingflsh 

Other fish 

Clams, hard 

Clams, soft and other 

Mussels 

Mussel shells 

Oysters 

Oyster and other shells 

Scallops 

Abalone 

Squid 

Cockles, winkles, conchs, etc. 

Crabs 

King crab 

Lobster 

Spiny lobster 

Crawfish 

Shrimp and prawn 

Shrimp shells 



Terrapin and turtle. 

011,flsh 

Oil, whale 

Oil, se»«lephant. . . . 

Whalebone 

Ambergris 

Fur-seal pelts 

Sea-elephant skins. . 

Alligator hides 

Otter skins 

Seaweeds 

Other products 



Total. 



»1 
OO 

117 
'63 
141 
127 
76 
!83 
«9 
04 
i40 
30 
186 
71 
63 
70 
04 
70 
03 
55 
67 
61 
31 
13 
85 
46 
35 
62 
53 
49 
46 
76 
04 
58 
98 
14 
39 
19 
69 
66 

1,178,650 

13,651,988 

9,064,852 

8,438,510 

1,580,065 

51,856,430 

217,787,610 

19,9S3,845 

1,586,151 

824,948 

1,370,729 

93,734 

40,219,543 

2,303,000 

11,898.136 

1,133,729 

447,664 

17,689,539 

960,000 

346.889 

1,409,314 

745, 162 

4,341,973 

590,625 

176, 141 

94 

92,364 

5,000 

849,927 

6,861 

900,320 

4,545,829 



2,033,992,699 



187,941 

109,056 

223,500 

445,608 

442.255 

1,258.763 

419,384 

596.806 

728,261 

816,040 

1,110,407 

1,452,063 

709.400 

45,906 

7,660 

160.876 

182,274 

457,975 

79,722 

305,488 

61,407 

63,400 

12,615,748 

250,320 

183,210 

1,702,373 

68,060 

37,860 

152,403 

418,360 

11,410 

171,074 

65,750 

1,265,507 

352,042 

149,545 

83.400 

196,304 

52,600 

205,567 

28.298 

1,081,117 

850,180 

66,107 

313,836 

1,385,442 

674,002 

8.400 

530,008 

18,449.104 

20,700 

297,658 

9,155 

27,361 

13.510 

905.740 

8,001 

1,364,721 

46,688 

20,002 

393,600 

4,300 

304,422 

114,404 

20,047 

267.301 

25,000 

722,651 

10,000 

484,010 

600 

40,770 

86,110 

80,387 

120,301 



01,047,000 
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The following table summarizes the fish-cultural operations of the 
bureau: 

Bummary of distribution of fUh and eggs, fiscal year 1908. 



Species. 


Eggs. 


Fry. 


Fingerlings, 
yearlings, 
and adults. 


Total. 


Citflflh . . 


1 


277,601 

350 

40,500 


277,601 
350 


Carp 






Buffalo flah 






40,500 

80,076,600 

523,746,000 

15,990,000 

95.615,532 

13,774,646 

69,958,305 

7,185.748 

1,515,871 

3,797,250 

2,109,517 

782,807 

6,441,296 

55,012 


Shad 


760,000 

189,266,000 

12,790,000 

68,385,550 

296,000 

75,000 


79,316,600 

384,480,000 

3,200,000 

24,998,185 

13,420,714 

69,883,305 

7,185,748 

1,123,146 

253,650 

2,079,514 

441,281 

4,230,540 


Whiteflsh 




Lake cisco 




Chinook salmon. 


2,231,797 
57,932 


Stiver salmon 


Blueback salmon. 


Humpback salmon. 


. 


Steclhead trout 


333,725 
.830,000 


59,000 
2,713,600 

30,003 

151,526 

1,442,376 

55,012 
3,182,080 
3,471,292 


Rainbow trout 


Atlantic salmon 


Lan<ll<x'ke(l salmon ...^ 


190,000 
768,380 


B lackspot ted trout 


Loch i^ven trout 


Lake trout 


2,734,000 
1,473,400 


25,267,078 

6,307,048 

191,736 

1,047,000 


31,183,158 

11,251,740 

191,736 


B rook trout 


Sunapee trout 


G rayfinc 


200,000 




1,247,000 
17,560 


pS.?!:::::::::::::::::::::::::::::::::::::: 


17,650 

200,268 

25,090 

1,638 

78,940 

588,047 

202,810 


Crappie and strawberry bass 






200,268 


Rock bass 






26,090 


Warraouth bass 






1,638 


Small-mouth black bass 




232,312 
23,900 


311,252 


Large-mouth black 'bass 




611,947 


Bream or sunfiLsh 




20^ 810 


Pike perch 


218,726,000 
2,080,000 


193,438,000 

382,576,000 

4,333,500 

321,670,000 


412.163.000 


Yellow perch 


68,045 


384,724,046 
4, 333, 500 


Striped bass 


White perch 


6^740,000 




327,410,000 
500 


White t>ass , 


500 
26,000 


Fresh-water drum 






26,000 


Cod 




8,000,000 


235,366,000 
389,642,000 
66,454,000 
794,000 
180,932,000 


238,365,000 


Ftotflsh 




389,642,000 


Pollock 






66,454,000 


Tautog 






794,000 
180,933,011 


Lobster 




1,011 






Total 


457,647,055 


2,398,886,257 


14,922,968 


2,871,456,280 





In addition to the work of the United States Government, several 
of the States carry on independent fish-cultural operations, the re- 
sults of which are summarized in the following table: 

Number and species of fish planted by States conducting important flshrcultural 

operations. 



Species. 


California, 
1906. 


Colorado, 
1906-6. 


Maine, 
1907. 


Mary-aod, 


Michigan, 
1903. 


Shad 








11,667,000 




Pacific salmon 


97,731,100 
352,000 








Steclhead 










Landlocked salmon.. . 




675,380 
993,700 
487,620 






Various trouts 


1,446,000 


11,000,000 




6,800,000 


Lake trout 




930,000 


Orayliiig 






200,000 


Blackbass ! 




1 


901,200 


Pike perch 










30,350 










121,691,000 
4,900,000 
























Total 


99,529,100 


11,000,000 


2,056.700 


137,568,000 


8,861,650 
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Number and species of fish planted hy States conducting important fish-cultural 

operations — Continued. 



Species. 


New York, 
1906. 


Pennsyl- 
Tania,1906. 


Oregon, 
1904. 


Washing- 


Wisconsin, 
1906. 


Nnmber 
planted. 


Shad 


400,000 
38,225,000 


3,018,000 
36,468,000 
89,128,000 








15,065,000 

128,473,000 

89,128,000 

178,303,434 

4,566,299 

575389 

88,265 350 

29,709,620 

200,000 

79,000,000 

179,600,000 

5,959,000 

2,136,300 

207,915,350 

186,501,000 

4,300,000 

30,700,000 

2,040,000 


WhitAflRh , , 






63,780,000 


Lc^e herring 






Pacific salmon ; 




22,922,334 
143; 849 


57,650,000 
4,070,450 




Steelhead 








Landlocked salraon 








Various trouts 


8,745,000 
6,015,000 


9,681,750 
6,170,000 






4,598,900 
16,107,000 


Lake trout 






G ra vlins 






Smelt..*::::::;:::::::::: 


74,000,000 


5,000,000 

179,600,000 

176,000 

73,100 

53,700,000 

64,395,000 








Pickerel 








MiifticAhiPge. . ..X 


4,083,000 






800,000 

1,162,000 

70,140,000 


Black bass 






Pikeperoh 


75,045,000 
515,000 






Yellow perch 






White perch 


• 






Tomcoa 


30,700,000 
2,040,000 










Lobster 




















Total 


235,668,000 


397,409,850 


23,066,183 


61,720,450 


155,587,900 


1,132,457,733 





It will be observed from the foregoing data that the fish-cultural 
operations of the United States are conducted on an enormous scale, 
incomparably greater than in any other country. Most of the more 
important food fishes and all of the prominent game fishes are in- 
cluded in those propagated by this bureau and the several States, 
but there are some valuable species which are not artificially propa- 
gated, owing either to technical difficulties, lack of facilities, or the 
apparent absence of the necessity. 

Concerning the condition of the supply of many of the marine 
species of fishes it is difficult to give facts, owing to fluctuations which 
occur in such fisheries under the influence of natural conditions be- 
yond man's control. There is some reason to believe that certain of 
the shore fisheries, as for cod, have been established and maintained 
largely, if not solely, by artificial propagation. 

In the case of tne anadromous fishes, such as the shad and the 
Pacific salmons, the data are definite. The shad fishery was un- 
doubtedly maintained for many years by hatching operations solely, 
but recently the fishery has become so intense that most of the spawn- 
ing run of fish are caught before they reach the spawning groimds 
and a sufficient supply of eggs for the hatcheries can not be obtained. 
This state of affairs has been largely induced by the indifference of 
the States, many of which throw the entire burden of maintaining 
the fishery upon this bureau while neglecting to pass laws which 
will permit its work to become effective. This is especially true when 
the shad have to pass through two or more States to reach the spawn- 
ing grounds, inadequate and conflicting legislation between the in- 
terested States making abortive all efforts at efficient regulation. The 
salvation of the more important shad fisheries lies in bringing the 
States to a realization of their re^sponsibilities, to the end of secur- 
ing the passage and enforcement of efficient laws. If proper pro- 
tection is afforded the spawning fish this bureau can again build up 
the fishery and maintain it, but at present the efforts are almost 
hopeless. 
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The same difficulty of conflicting legislation obtains in the Great 
Lakes. On Lake Erie, for instance, there are, including Canada, five 
several jurisdictions with ill-defined limits, and the consequence is 
that no regulations are effective. Li this case, as with other northern 
boundary waters, the matter is now under consideration by an inter- 
national commission. 

The most important measures for the conservation of the fisheries 
lie in the production of a spirit of cooperation between the law- 
making bodies of the several States and this bureau, and it is believed 
that no State in which the bureau carries on fish-cultural operations 
should pass fishery laws without at least consulting the bureau. It 
would, perhaps, be well to go further and require that in case a State 
passes improper laws or fails to pass necessary ones, the fish-cultural 
operations of the Federal Government be suspended in that State 
until the matter is properly adjusted. 

About two-fifths of the marine and fresh-water products of the 
United States consist of animals other than fishes, and of these the 
lobster is the only one which is treated by fish-cultural methods, 
practically all the others for various reasons being of a character to 
make such treatment impracticable. 

Over $20,000,000 of the annual product of the fisheries is furnished 
by oysters, clams, mussels, and other moUusca, and sponges, which are 
capable of culture under private ownership. To develop these fish- 
enes, this bureau and some of the coastwise States have long been 
conducting experiments and furnishing facilities, instruction, and 
advice, with the re^lt that at the present time five-eighths of the 
entire production of oysters is derived from private beds. In those 
States m which oyster culture has been encouraged and developed the 
industry is growing, while where the natural beds are depended upon 
for the supply it has decreased heavily during the past 15 or 20 
years. The work carried on by this bureau and the shell-fish com- 
missions of the several States assures that this fishery, producing 
about $17,000,000 at first value to the fishermen and two or three times 
tiiat amoimt ere the product reaches the consumer, is not only in no 
danger of failure, but is destined to future development commensurate 
with the growing demands of the country. 

The bureau is also conducting experiments in pearl-mussel cul- 
ture in the Mississippi Valley, which, it is confidently believed, will 
perpetuate the button industry, worth about $500,000 to the fisher- 
men and about $6,000,000 in finished products, and which under 
present conditions is doomed to speedy extinction. It has also re- 
cently developed a system of sponge culture which will prevent the 
extinction of the sponge fishery of Florida, now producing a raw 
product valued at from $500,000 to $1,500,000 per year. Other works 
of a similar character have been completed or are now under way. 

In r^^rd to the changes in the distribution of fishes due to 
mining, irrigation^ and drainage enterprises, and the possibility of 
utilizing such projects in the increase of the supply of food fishes, 
the bureau can give no definite information. The importance of 
these subjects is luUy appreciated, but no investigations relatincr to 
them have been conducted. The lakes, reservoirs, and canals estab- 
lished in irrigation work can undoubtedly be made important local 

72539— S. Doc. 676, 60-2. rol 3 25 
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sources of food supply, but each case will have to be made the sub- 
ject for special inauiry and considered on its merits. The bureau can 
do nothing more than theorize at this time. 

The pollution of streams by sawdust, industrial wastes, and the 
discharge of water from mills, most of which abuses are preventable, 
has received some attention at the hands of this bureau, but should be 
tfce subject of further inquiry. That these pollutions do considerable 
injury to some of our minor fisheries is certain, and together with 
the results of deforestation they have ruined many streams formerly 
teeming with the best of our game fishes. 
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THE TIMBER AND STONE ACT, AND THE COMMUTATION CLAUSE 
OP THE HOMESTEAD ACT. 



By H. H. SoHWABTZ, 
Chiet of SpeeJal Agents, General Land Office. 



THE TIBCBER AND STONB ACT. 

June 3, 1878, Congress enacted a law providing for the sale of lands 
chiefly valuable for timber or stone at " the minimum price of $2.50 
per acre." It applied to the States of California, Oregon, Nevada, 
ttod the then Territory of Washington. The act was later extended 
to all of the public-land States. 

I am advised that the recommendation of the Commissioner of the 
Creneral Land Office that this law be enacted, and the discussions in 
Congress in its consideration, disclose that the act was intended to 
provide wood lots for settlers and preemptors upon whose lands the 
supply was insufficient, and timber for IocbJ use at a fair price. 

In practice, however, this law has resulted in the sale of over 
12,000,000 acres of valuable timber lands, of which fully 10,000,000 
aeree were transferred to corporate or individual timber-land in- 
vestors by the entrymen. These lands brought to the people or Cren- 
eral Government a gross sum of $30,000,000. At the elate of sale 
they were reasonably worth $240,000,000. The profit of over $200,- 
000,000 went not to the needy settler engaged in subduing the wilder- 
ness, but to the wealthy investors. Not over a fractional part of 1 
per cent of the timber purchased from the United States under this 
act is held, consumed, or even cut by the men and women who made 
the entries. 

The law requires, and each applicant makes, an oath containing 
among other things the following: 

" That he does not apply to purchase the same on speculation, but 
in good faith to appropriate it to his own use and benefit; and that 
he has not directly or indirectly made any agreement or contract in 
any way or manner, with any person or persons whatever, by which 
the title he mi^ht acquire from the Government of the UniteJj States 
should inure, m whole or part, to the benefit of any perscm except 
himself." 

The Supreme Court, in United States v. Budd (144 U. S., 154), 
holds that an entry and purchase made with intent to sell at an ad- 
vance if the market improves, and with no intent to use the timber 
itself, is not a " purchase for speculation." 

Up to December 1, 1908, the department assumed that the words 
" may be sold * * * at the mmimum price of $2.50 per acre " 
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means $2.50 per acre absolutely, as if the words " the mininmm ^ had 
not been inserted. 

So that since June 3, 1878, citizens and those who have declared 
their intention to become such have had presented to them a law 
under which they may lawfully enter lands worth from $2.50 up 
to $200 per acre, upon the following terms : 

First At $2.50 per acre. 

Second. With intent to sell the same at an advance to the first 
buver, and with an intent never to use the timber thereon. 

Wi^ enough entrymen possessed of $500 each, or credit to bor- 
row that amount, and a prospective buyer at a small advance, the 
machinery is complete for transferring title from the Government 
or general public to the single corporate or individual investor. The 
process has been automatic, and in most cases neither fraud, perjury, 
or false swearing is needed. 

In my ten years' experience in the Government field service I have 
seen several heavily timbered regions suddenly go from the Gt)vem- 
ment to practically single private ownership. 

The process is like this : 

A timber scout or estimator reports to his employers the general 
situation and extent of some well-timbered region. Investigaticm 
has discovered enough timber and a present or prospective market 
warranting more or less extensive investment. Lands already in 
private ownership are purchased, probably a sawmill installed, and 
actual operations begun. ITie company or investor secures estimates 
on the timber on each 40 acres of vacant lands. If a settler or timber 
and stone applicant makes final proof, he is offered a price from $100 
to $500 over the cost of the land to him. At once the community — 
and the relatives and outside friends of the community — learns that 
there is a market for timber claims and that a man with $500 can 
practically double it in ninety days by the simple process of entering 
a piece of land at $2.50 and selling it at $5 or $6 per acre. 

Here again the Supreme Court, in the case of United States v. 
Budd, above cited, has made plain the operation of this law. The 
majority of the court say one 

might rightfully go or send into that vicinity and make known generally or 
to individuals a willingness to buy timber land at a price in excess of that 
which it would cost to obtain it from the Government, and a person know- 
ing of that oflTer might rightfully go to the land office and purchase a timber 
lot from the Government and transfer It for the stated excess without violating 
the act of June 3, 1878. 

Since January 6, 1908, the person entering timber lands where 
some investor has given his notice of a willingness to buy all lands 
entered need not even have the $500 with whidi to buy^or need he 
have credit upon which he may borrow that amount. The Supreme 
Court of the United States, in the case of United States v. William- 
son (207 U. S., 425). decided upon the above date, holds that an 
entryman who has filed his sworn statement designating the par- 
ticular tract he desires to purchase may, between the date of so filing 
and the date of actual payment — the sixty or ninety days during 
•which he advertises his application to purchase — lawfully contract 
to sell or convey the land after patent issues. In other words, he 
may enter the lands with an intent to sell at once if he can make a 
profit; the corporate or individual investor may inform him that he 
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will buy at a profit; after the entry is made, and before the applicant 
advances a dollar of the purchase price, entryman and prospective 

Eurchaser may contract to convey and the investor bind the bargain 
y depositing with entrynian's attorney enough of the sale price 
to pay the Government for the land^ and the identical money ad- 
vanced on the lawful contract to sell is paid over the counter of the 
land office by entryman 's attorney at final proof. 

There is no fraud in the entryman; no risk to the investor; and a 
single concern may secure a wood lot of 100,000 acres in less than a 
year, at a profit of $1,000,000 to the corporation and at a loss of the 
same sum to the general public, which is the Government 

I recall a specific instance in the Susanville and Redding districts, 
California, where a single investor, in the course of probably three 
years, acquired approximately 700,000 acres of heavily timbered 
lands, a large amount of which was. secured under the timber and 
stone act. 

In another large operation in central Oregon trainloads of women 
school-teachers were shipped out from Minnesota and entered lands 
under the timber and stone act. A hundred citizens of Oregon made 
like entries. These lands were then transferred to a timber investor 
from Minneapolis, Minn., transfers going to him by deeds to a cor- 
poration. The articles of this incorporation were peculiar. They 
provided that only the president need own stock therein ; its officers 
were composed of the president (who was the investor) and his wife 
and son, who were, respectively, secretary and treasurer. 

During the past ten years there have been like individual operations 
in Montana, Idaho, Washington, and Colorado. 

But if this land is worth from $10 to, say, $30 per acre for its 
timber, why does the entryman sell for $5? Standing alone it may 
be worth only $1 or $2 an acre, but as part of a large group of 
claims it may be worth $50 an acre. It costs money to establish 
logging camps, build logging roads, and erect sawmills, and find a 
market for the product. The owner of a single 160-acre tract could 
not manufacture lumber for the market. It is when the initial costs 
are chargeable to a large number of claims that the actual timber 
values appear. 

There is another and controlling reason why the individual must 
sell, even if he has the means to hold the land as an investment. The 
concern owning the milling outfit or controlling the general situation 
may log its surrounding lands and leave him with an isolated 160 
acres of timber, with no market for so small a quantity and no 
buyer who could thereafter log it at a profit. Also, the general 
system of logging is such that fire usually runs over the cut-over 
lands because of litter left by the loggers. That fire will destroy 
what few small stands of timber remain. 

There are, of course, many frauds and perjuries in operations of 
the timber and stone lands; but they are relatively few compared 
to the vast number of entries made. 

Of late years we have large numbers of stone entries under this 
act. These are usually fraudulent, with perjury involved. There 
is, however, no money or value loss to the Government. These stone 
entries are mostly in the arid and grazing regions, for lands only fit 
for grazing and seldom worth more than the minimum $2.50 price. 
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The fraud is in the oath that lands are chiefly valuable for stone. 
Usually the lands are more or less isolated tracts, so geogi'aphically 
related to the ranch of the applicant as to make it practically neces- 
sary for him to own the tract to "round out " his holdings, make it 
possible to fence his own land without fencing government land, 
secure an outlet to the open range, or some similar need. 

In pursuance of a recommendation by former Commissioner 
Ballin^r, the department, on December 1, issued new regulations 
requirmg as to all future timber entries that the land ahsll be 
appraised for land and timber value and then sold only at such value. 

THE COMMUTATION CLAUSE OF HOMESTEAD LAW. 

There is no such thing as a separate and distinct law authoriz- 
ing the entry of agricultural land with intent to conmiute. There is 
the general homestead law, with minor qualifications as to Indian 
lands. In all, however, the applicant must swear, among other 
things, that he takes the land in " good faith for the purpose of mak- 
ing a home for himself," and not for speculation or sale. And the 
law under which he makes his oath and original entry requires five 
years' residence and cultivation. 

Congress, recognizing that misfortune or change of circumstances 
mi^ht be the lot of any settler, has provided that any homestead 
daimant may, after fourteen months' residence and cultivation, com- 
mute his entry — that is^ purchase the land at $1.25 to $2.50 per acre. 
/ It has been my experience and observation in ten years of field serv- 
/ ice that the commuted homestead is almost universally an entry 
initiated with a full intent never to make the land a home. Before 
the timber and stone law was extended to all public-land States the 
^ commutation clause in the homestead law was the vehicle through 
\ which timber was fraudulently acquired froni the Government. 

It has been my personal experience to examine solid townships in 
northern Wisconsin, in which practically all the even-numbered sec- 
tions had been acquired under the homestead law, quite generally 
commutation. The timber had been cut off after patent, and yet not 
a single voter or inhabitant could be found in the township. The 
Government got $400 a quarter section for lands frequently worth 
from $10,000 to $20,000. More recently actual farmers have pur- 
chased these stump lands from the mill companies. 
" Commutation " is the clause in the homestead law under which 
/ citizens who are not farmers or ranchers, and who have no intention 
1 of ever becoming such, enter agricultural or valuable timber lands. 
\ While the wording of the original commutation clause required 
fourteen months' residence and cultivation, the department until re- 
cently held that as homestead applicants are given six months from 
original entry in which to establish themselves upon the land, there- 
fore eight months' residence immediately after the expiration of this 
six months complied with the law as to fourteen months' resid«ice. 
That construction has been given the force of actual law by the past 
Congress as to former entries. 

Actual inspection of hundreds of commuted homesteads shows that 
not one in a hundred is ever occupied as a home after commutation. 
They become part of some large timber holding, or parcel of a cattle 
or sheep ranch. 
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As distinguished from the timber and stone entries, commuted 
homestead entries are quite frequently fraudulent in their inception : 
in that the claimant swears falsely when he or she says that the land 
is taken in good faith, for the purpose of making it a home, and that 
there is an intent to reside upon and cultivate the land. 

In the bulk of cases in which homestead entries are commuted it 
it found that the entrymen, both at the time of entry and at the 
time of proof, are engaged in 9ome business other than {Agricultural 
or grazing. They are usually merchants, professional people, schopl> 
teachers, clerks, joumeyniien working at trades, cow punchers, or 
sheep herders. Grenerally these lands are sold immediately after 
final proof. There are few commuted homesteads upon which there 
is residence after final proof; and it is seldom that there is further 
pretense of cultivation. 

Since the passage of the first commutation clause in the homestead 
law in 1862 there have been practically 35,000,000 acres of land ac- 

?uired thereunder. The Government received probably $70,000,000 
or lands worth over $350,000,000 at the time title left the United 
States. - 

The average yearly acreage commuted has been approximately 
600,000. It is noted, however, that in the past few years the acreage 
of land annually commuted has largely increased. In liK}5 there 
was a slight excess above 1,400,000 acres sold; in 1908 the acreage 
had increased to 3,124,277. 

This increase coincides with the closer inspection and enforcement 
of the public-land law. Because of the inspection, those who are 
" dummies " for investors in timber, or cattle, or sheep concerns, and 
those who have no actual intent to make homes upon the land, are 
now unable to give such physical presence and cultivation to the land 
as will permit them to make a nve-year proof. As a consequence 
they put in eight months time on the land, and thereupon commute. 
At present fourteen months actual residence is required. 

I have no recommendation as to what land laws shall be enacted, 
but it is my opinion, after years of close personal application to this 
subject, that if there is one need from Uongress, it is that it shall 
provide a reasonable fund to enable the Commissioner of the Gen- 
eral Land Office to keep in touch with the actual conditions in the 
field, and make proper investigations of the manner in which public- 
land laws are being complied with on the one hand and abused on 
the other. Lands valued at hundreds of millions of dollars are an- 
nually passing from the United States to private holdings. There is 
an appropriation of $500,000 for this year (heretofore never more 
than $250,000) to cover inspection and enforcement of the law in the 
immense area of the public-land States. 

The Government is merely the people, and whatever of the public 
land is fit for the home or a citizen should be held until citizens 
establish homes thereon. The settler should have his home free and 
without unnecessary restriction. But, as to lands valuable only for 
their timber, coal, oil, gas, or other natural resources, we may well 
consider whether it is not equitable that the individual who seeks 
for himself that which now belongs to the whole people, shall not 
give the people value for value in the exchange. There is no method 
of compelling this fair exchange other than providing the executive 
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officers charged with the enforcement of the law with sufficient men 
and funds to properly and efficiently transact the people's business. 

SPECIAL AGENT WORK OF THE GENERAL LAND OFFICE. 

This is a statement showing approximately $110,000,000 worth of 
public lands believed to have been fraudulently acquired. There is 
reasonable prospect of recovering much of this hind, if prompt action 
is taken. 

For the fiscal year ending June 30, 1908, Congress appropriated 
$250,000 for the protection of public lands. A like sum had been 
appropriated for the year ending June 30, 1907. Public land investi- 
gations, increasing public sentiment for better protection of the 
national resources, and extensive discussion of these matters in publi- 
cations, during the past five years, have resulted in many thousands 
of informations being filed in the General Land Office, charging land 
frauds. Many thousand cases of violation of land laws have also 
been brought to the attention of the Government through investiga- 
tions by special agents; also, special employees of the Department of 
Justice have furnished the General Land Office with information in 
important cases. 

The foregoing conditions produced great congestion in the work 
devolving upon the land field force. The General Land Office, local 
offices, and field agents receive annually thousands of complaints 
against claims and entries under the settlement laws. Experience 
shows that only about one-half of these complaints are justifi^. The 
examination of such cases has been the principal field duty — ^to the 
end that the settlement claims and entries may proceed without delay. 
However, the great number of extensive frauds demanding immediate 
action and necessarily consuming months of time in investigations 
and subsequent attendance in court trials leave to-day over 16,000 
settlement claims suspended on complaint, out of the total 32,226 cases 
of all kinds pending December 1. 1908. The nature of the " neces- 
sity " for prompt action in some or the larger cases is shown in United 
States V. Juanita Coal and Coke Company, and United States v. Utah 
Fuel Company, involving lands worth $2,500,000. In these two cases 
the evidence oi the fraudulent acquisition of these lands was finally 
uncovered in November last. Suits were filed December 7, 1908, and 
the statute of limitations would have prevented suit on December 8, 
1908 ; likewise, in the Oregon cases against C. A. Sipith et al., involv- 
ing timber worth about $1,000,000, the investigations were completed, 
ana suit was filed in May, 1908, within a few weeks of six years after 
patent issued. Suit can not be brought against a patent six years old. 

With the $250,000 appropriated for the fiscal year ending June 30, 
1907, the field force investigated and disposed of practically 6,500 
cases, collected from trespassers $284,470.03, recovered 390,240 acres 
of land of about $2,186,400 in value, and secured the conviction in 
criminal cases of 138 defendants. 

The present reorganization of the field force and general methods 
of handling the investigations in relation to public lands dates prac- 
tically from the beginning of the fiscal year 1907-8. The work 
performed and the results accomplished in protecting public lands, 
recovering public lands fraudulently acquired, and prosecuting 
parties guilty of crimes in relation thereto from July 1, 1907, to De- 
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cember 1, 1908 (seventeen months), will therefore be treated as a 
unit. The amount appropriated for carrying on the work for the 
seventeen months was $600,000, viz, $250,000 for the fiscal year ending 
June 30, 1908, and $250,000 was expended for the first five months 
since that date. With this expenditure of $500,000 the following 
results have been accomplished : 

Absolute recoveries. 

10,933.07 acres of patented lands recovered (Including coal lands) ; 

estimated value $824, 555. 35 

618,240 acres of entered unpatented lands recovered ; value 3, 647, 100. 00 

Collected from timber trespassers 136,694.79 

Fines collected 8,597.94 

The foregoing comprise absolute recoveries to the United States of 
$4,516,858.08 in money value, which is $4,016,858.05 in excess of the 
total appropriation expended in the work. This is not, except the 
fines and timber trespass, money returned to the United States Treas- 
ury : but it is lands of that value restored to the public domain where 
the honest purchaser or settler may acquire it; and the present admin- 
istration of the public-land laws is such as to prevent the recurrence 
of illegal acquisition. Also, the subsequent sale of the recovered coal 
and timber lands — now for the first time sold upon appraisal — will 
result in such increase in cash returns to the Treasury as will exceed 
the expense of recovery. 

The absolute recoveries, however, constitute but a small part of the 
work performed and being performed. The detailed summary hereto 
attached shows information in the possession of the Government 
which may lead to the recovery of moneys and lands reasonably worth 
in excess of one hundred million of dollars. How effective these re- 
coveries shall be depends upon the men and funds available for carry- 
ing on the work. 

A comparison of the number of cases actually investigated in the 
field and reported on shows that, during the fiscal year ending June 
30, 1907, 6,500 cases were examined at a total expense of $250,000, 
while during the seventeen months ending December 1, 1908, 28,183 
cases were examined, at a total expenditure of $500,000. Taken as a 
whole, the work was measurably similar, and there is a consequent 
showing of increase in efficiency of over 100 per cent since the general 
reorganization of the special service. 

During the past seventeen months, special agents have caused to be 
released from unlawful inclosure a total of 1,007,684 acres of vacant 
public lands. These lands were restored to settlement and the open 
range. 

We have secured 94 convictions for violation of the public-land 
laws. In a large nimiber of these cases the fines were collected, and in 
important cases imprisonment sentences were imposed. A tabulated 
statement showing details of these convictions is attached. 

The field force have also examined public lands covered by rights 
of way, easements, and privileges granted, of which 98 were found to 
be either fraudulent or illegal, and adverse proceedings have been or 
will be instituted to free tne public lands from such easements now 
resting thereon. 
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Actual investigation and examination have also been made of nine 
Carey Act projects, involving 199,259.18 acres. These investigations 
disclose projects covering 62,070.99 acrois, in which the land has not 
been reclaimed, and in which conditions warrant action looking to 
the recovery of lands, either from lack of water or because lands are 
not desert in character. Other examinations are in progress. These 
do not include original examinations upon applications to select, such 
examinations being made by inspectors of the department. 

The expectation of the General Land Office, as expressed by the 
commissioner to the Committee on Appropriations when considering 
the sundry civil bill for the year ending June 30, 1909, that an appro- 
priation of $500,000 per year for two years would clear up the then 
accumulated work, will be realized. 

However, the investigations of the past two years by special agents, 
aided by an aroused public sentiment, have produced evidence and 
information of wholesale and astounding frauds upon the public 
lands, and such cases necessarily require much time from the field 
force. As a result, we have of record in the special-service division 
of this office the 32,000 distinct cases demanding further field action, 
notwithstanding that during the past seventeen months there have 
been investigated a total of over 28,000 cases. 

The magnitude of the task imposed uj)on the General Land Office 
in some oi these cases will be best appreciated by example: 

In a single suit to recover coal lanas having a commercial value of 
millions of dollars it may become necessary to take the following 
steps: 

First. Examine all of the records and correspondence in one or 
more of the local land offices and in the General Land Office in rela- 
tion to probably 60 distinct entries of land; this examination develops 
the coincidence of claimants and witnesses, attorneys of record, 
notaries and commissioners before whom papers were executed, with 
a subsequent examination of probably 50 to 100 witnesses now scat- 
tered throughout the United States, and who have in one way or an- 
other been connected with the proceedings by which the Government 
lost title to the lands. These witnesses embrace coal experts employed 
by the corporations to prospect the lands, dummy entrymen, attor- 
neys, notaries public. United States commissioners, and thie various 
witnesses required to the diffei-ent filing papers. 

Second. It is necessary to examine and abstract the titles to these 
lands as they appear of record in the office of the recorder of deeds 
in the different counties. 

Third. There follows the investigation of the organization and 
development of the corporations and holding companies who have 
taken over the title and who by trust deeds and mortgages endeavor 
to forestall recoveries by pretended purchases or incumbrances for 
value. This branch of the case frequently occupies months of time 
by men expert in real and corporate law, and frequently develops 
three or four companies holding titles, mortgages, trust deeds, or 
bonds predicated upon trust deeds, all intended simply to involve the 
title. In other cases subsequent transfers have proved to be bona fide. 

Fourth. To the end that the value of the lands may be determined, 
in the event that some one of the interested corporations is able to 
make good its claim of innocent purchaser, and the Government is 
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thereby driven to a judgment for damages sustained, in lieu of the 
recovery of the lands, it becomes necessary for men expert in coal 
mining and geology to make extensive field examinations. 

FifSi, As these coal companies have frequently been operating 
from two to five vears, it also becomes necessary to determine the 
amount of coal taken from the lands, and its value in the different 
situations; which may, according to the event of the suit, fix the rule 
of damages the Government shall recover for probably several mil- 
lions of tons of coal unlawfully taken from the lands. 

It will be seen that a proper presentation of the Government's case 
in each one of a dozen suits similar to the foregoing may well require 
ttie entire time for from three to six months of a half dozen men. 

Example might also be cited of some of the more determined and 
persistent violators of the act to prevent unlawful occupancy of the 
public lands, known as the fencing law : A single case reported from 
Oregon involved over 85,000 acres of government land in one inclo- 
sure; in addition thereto there were a large number of fraudulent or 
dummy entrymen on some of the lands inclosed. If the Government 
expects to present such a case as this to the court or jury, with a show- 
ing which will warrant anything more than a nominal fine (which 
means a very nominal charge for pasturage on the public land, and 
the exclusion of the general community from free range) , it becomes 
necessary, not only to show the inclosure, but to show it in detail; 
probably survey, chain, and subsequently plat over 100 miles of 
fence; investigate into the circumstances and bona fides of probably 
50 to 100 entries, of one kind or another, made within the inclosure, 
supposedly for the benefit of the live-stock company ; also interview 
from 50 to 100 witnesses, the dummy entrymen; the men who 
built the fences, to determine when they were built, and who 
paid for them ; cow punchers, and small cattlemen, for proof that 
the large company controls the inclosure, and that the stock of small 
individuals is driven therefrom ; in some cases the settlers are forci- 
bly prevented from investigating or occupying the lands. 

Again, there are conspiracy timber cases which may well take the 
time for from one to three months of three or four men. Along 
this line the land office has single cases of over 200 entries of more 
than 32,000 acres of land. Combinations are frequently so well 
organized, and so aided by defective public-land laws, as to present 
an almost impossible task in securing evidence or recovering lands 
worth hundreds of thousands of dollars. It may become necessary to 
assign an agent to a single conspiracy case and keep him there to the 
exclusion of everything else for a period of three or four months, and 
in certain phases of the investigation the services of other agents are 
required. A single timber trespass case may require a crew of men 
for weeks. One case investigated this year shows trespass of timber 
covering 7 miles of territory and timber taken of over $200,000 value. 
The land was unsurveyed and it became necessary to run lines and 
scale, up this entire trespass, measuring it stump by stump. It is an 
cdd trespass, but the Government may still recover, there being no 
statute of limitations against a money demand. 

These examples furnish indication of what the field force has done 
in making recoveries mentioned in the earlier part of this statement, 
and what now devolves upon it in successfully prosecuting the larger 
cases involved in the total of over 30,000 cases pending. 
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Following is a summary of most of the larger cases affected by 
charge of fraud or illegality now pending. They are here set up by 
State or field divisions. Details of identification and names of par- 
ties are omitted in cases imder investigation for the reason that 
parties are entitled to such protection until investigation develops 
facts warranting their presentment to a proper tribunal, and on the 
other hand present publishing of details would generally embarrass 
further inquiry in a case: 

Alaska. 

1. Probably 500 coal claims worth at least $200 per acre on basis of 

1 cent per ton $16,000,000 

2. Pending timber trespass 200, 000 

Arizona, 

IN UNITED STATES COUBT. 

8. United States v. Grand Canyon Lime and Cement Company, to 

recover for timber trespass 40,000 

California, 

IN UNITED STATES COUBT. 

1. United States v, Hyde, Benson, et al., to recover 11,040 acres of 

land patented under scrip selections 110,400 

2. United States v. English, eml)ezzlement, indictment, amount of 

shortage 16, 000 

8 United States v. Dwinell et al., conspiracy, indictment, involv- 
ing 1,120 acres of timber land worth 22,400 

4. United States v, McPberrlu, and 7 others, indictment, conspiracy, 

involving 8,840 acres of land worth 162,000 

IN DEPABTMENT. 

1. United States v, H. H. Yard et al., 200,000 acres of heavily tim- 

bered lands covered by placer location in forest reserve 5,000,000 

2. United States v. Golden and Darby, heavily tlmbiMed lands cov- 

ered by placer mining location 80,000 

8. Thirty-two timber trespass cases. Involving 100,000 

Colorado. 

IN UNITED STATES COUBT. 

1. United states v, Juanita Coal and Coke Company, to recover 

2,800 acres of coal lands, value $300 per acre 840.000 

2. United States v. Utah Fuel Company, to recover 5,000 acres of 

coal lands valued at $300 per acre 1,500,000 

8. United States v. New Mexico Lumber Company, to recover 8,640 

acres of best timber in Colorado, value $50 per acre 432, 000 

4. United States v. Barnes et al., timber trespass . 50, 000 

IN DEPABTMENT. 

1. One Kroup of coal entries 1, 600, 000 

2. One group of timber land entries 860,000 

8. One group of lieu land selections 3,000,000 

4. Case of lands 2, 000, 000 

6. One group of coal entries 1,200,000 

6. One group of coal entries 1,280,000 

7. One group of coal claims 1,000,000 

8. One group of coal claims 750, 000 
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9. One group of agrlcnltural entries on coal lands $4,000,000 

10. One group of timber and stone entries ^ 440, 000 

31. One group of timber and stone entries 200,000 

12. Six timber trespass eases 395,000 

18. Two cases of coal trespass, at $1 per ton u 3,600,000 

New Mewioo, 

IN UNITED STATES OOUBT. 

1. Suits to recover 600 acres of coal lands 66,000 

2. United States v. Coolldge et al., 640 acres of highly Improved, 

irrigated, agricultural lands, present value over $100 per acre. 64, 000 

IN DEPABTMENT. 

1. Group of 1,120 acres of coal lands, worth $60 per acre 66, 000 

2. Four hundred and eighty acres In coal entries, $100 acre 48,000 

8. A case of 12 coal entries for corporation, 1,920 acres, at $50 acre- 96. 000 

4. Group of 14 desert entries, 2,240 acres, at $2.50 per acre 5, 600 

5. One timber trespass of 70,000,000 feet; $2 per thousand 140,000 

6. One trespass case 3L1,050 

7. Unlawful inclosure 120,000 acres 

Michigan, 

IN DEPARTMENT. 

1. One group of coal and timber entries of 5,400 acres, value $10 

per acre 64,000 

2. Fifteen timber entries 6,000 

3. Two timber trespass cases 27,000 

Minnesota, 

IN DEPABTMENT. 

1. Fourteen timber trespass cases 112, 117 

2. Indian reservation lands, erroneously classed swamp, timber, 

value 350,000 

Montana, 

IN UNITED STATES COURT. 

1. United States v, B. F. Howard et al., to recover value of tim- 

bered lands entered under the mining laws 40,000 

2. United States v. Anaconda Ctopper Ck>mpany, timber trespass ' 64, 934 

IN DEPABTMENT. 

1. United States v, McCune et al., trespass of 720,000 cords of 

wood, stumpage value 360,000 

2. Eighty tracts of coal land entered under the timber and stone 

act, actual value $100 per acre 1,280,000 

3. One lot 4,000 acres agricultural land, worth $25 per acre, ac- 

quired under the desert-land act 100, 000 

4. One case involving lands worth 100.000 

6. Timber trespass In Missoula district, stunipagrc 500,000 

6. One railroad and lumber timber trespass, Missoula district 500,000 

7. Timber trespass case, Billings district 50,000 

8. Land conspiracy, lands at $5 per acre 100,000 

9. United States v, Llbbey Placer Mining Company, tiinl>er lands 

held under mining locations ,^ ,-, ^, 250,000 
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yebraaJta. 

IN DEPABTICEKT. 

1. Conspiracy of 4,000 acres desert land, value $5 per acre $20, 000 

2. A case of 800 acres coal lands acquired by nonmineral entry 80, 000 

3. A conF')iracy case; 18,000 acres 00,000 

Nevada^ 

IN UNITED STATES COURT. 

1. United States v. Central Pacific Railway Company and Southern 
Pacific Railway Company, 4 suits to recover mineral lands; 
lands have proved value in many operating mines of over 25,000,000 

IN DEPARTMENT. 

1. Rhyolite Township lands, group of lands held under mining 

locations 375,000 

2. United States v. Central Pacific Railway Company, to recover 

about 300 acres of mineral lands erroneously acquired under 

its grant; a very conservative commercial value is 15,000,000 

Oklahoma and Kansas. 

IN DEPARTMENT. 

1. Nine unlawful Inclosures, including 302 alleged fraudulent entries 
of 51,720 acres, and 66,000 acres of vacant government lands ; 
value of entered lands 517,000 

Oregon, 

IN UNITED STATES COURT. 

1. United States v, Kribs et al., to recover timber lands having 

commercial value of 200,000 

2. United States v. C. A. Smith, two suits to recover timber lands 

having commercial value of , 760,000 

S. Twenty-<me allied suits to cancel 47 entries of heavily timbered 

lands 235,000 

IN DEPARTMENT. 

1. Case involving 75 timber entries 200,000 

2. Case involving bloolc of pine, heavy stand. 10,000 ncres 250,000 

3. Two unlawful inclosures of over 140,000 acres viicant land 

4. One lot of coal entries on timber land in national forest 200, 000 

Utah and southern Idaho. 

IN UNITED STATES COURT. 

1. United States v. Utah Fuel Company, and Pleasant Valley Coal 

Company et al., suits to recover title to over 40,000 acres of 

coal land, at $200 per acre 8,000,000 

2. Court cases to recover 22,000 acres of heavily timl>ered pine 

lands worth about $30 an acre 060, 000 

IN DEPARTMENT. 

1. About 20,000 acres coal lands held by nonmineral entries, worth 

about $100 per acre 2, 000, 000 

2. One case of 3,r)00 acres of coal lands 70,000 

3. Unlawful inclosure of 160,000 acres of vacant lands 

4. About 800 nonmineral claims to lauds valuable for coal, at 

$50 per acre 6,000,000 

5. Four hundred and eighty-eight state selections peiulliig for 

•xaminatlon 
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Washington and northern Idaho. 

IN UNITED STATES CX)UBT. 

1. United States v, Flynn, to recover 160 acres of improved lands.- $8, 000 

2. United States r. Multnomah Mining and Development Company, 

to recover 256 acres of land 10»000 

3. United States v. Barbee, to recover 640 acres coal lands 64,000 

4. United States v, Kettenbach et aL, to recover 8,481 acres of 

timbered lands, worth about $20 per acre 170,000 

5. United States v. Hope Lumber Company, timber trespass 7,000 

6. United States v. Bunker Hill Mining Company 

IW DEPARTMENT. 

1. To recover 6,000 acres timber and fruit lands in the Colville 

Indian Reservation, held on mining claims 300,000 

Wisconsiif^, 

1. Three timber trespass cases 20,500 

Wyoming, 

IN UNITED STATES COUBT. 

1. United States v. Union Pacific Railway Company, to recover 

5,186 acres of coal lands, at $300 per acre 1,555,840 

2. United States v. Hyde, Benson et al., to recover 400 acres of 

agricultural land, at $10 per acre 4,000 

IN DEPARTMENT. 

1. One timber trespass, stumpage 350. 000 

2. One railroad timber trespass 45,000 

3. Four trespass cases, value 47,432 

4. One thousand seven hundred and sixty acres unlawfully ac- 

quired 15, 000 

6. United States v. Dally et al., to recover 9,500 acres of coal land. 

worth $150 per acre 1,425,000 

6. Lander Coal case, to recover 2,500 acres of coal land, worth 

$150 an acre 375, 000 

7. Alleged attempt to acquire 2.560 acres of coal land, worth $200 

per acre, by dummy system 512,000 

8. Alleged attempt to acquire 2,240 acres of coal land, worth $200 

per acre, by combination 448,000 

Southern States, 

1. Ten timber trespass cases Involving 160,000 

2. United States v. McKaskeil Company 20,000 

3. Florida, 5,000 acres timber land 50,000 

4. Mississippi, entries 200,000 

5. Agricultural entry on oil lands 20,000 

TotaL 114, 733, 273 

There are also set for trial and hearing 1,021 cases before local land 
offices, upon reports by special agents and forest officers, as follows: 
Alaska, 1; Oregon, 141; California, 84; Washington, 25; Montana, 
227 ; Colorado, 77 ; Arizona, 41 ; Wyoming, 101 ; Nebraska, 37 ; Minne- 
sota, 7; Michigan, 1; Wisconsin, 3; North Dakota, 39; South Dakota, 
26; Arkansas, 47; Louisiana, 11; Idaho, 25; Utah, 6; Kansas, 13; 
Oklahoma, 6 ; New Mexico, 71 ; Alabama, 11 ; Florida, 10 ; and Mis- 
sissippi, 8. 
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There are also pending in the Department of Justice and United 
States courts, upon reports by special agents, the following cases : 

Timber trespass 161 

Suits to recover lands 490 

Unlawful fencing of public lands 122 

Criminal cases 321 

Total 1,094 

These are all cases of merit to be tried. The old business accumu- 
lated on the dockets has been dismissed wherever facts warranted. 

The system of handling court cases heretofore lacked proper check 
between the Department of the Interior and Department or Justice. 
There was no automatic card or record of each case to call it, and 
no effective order compelling whatever additional action or investi- 
gation each case demanded. To meet this situation and clear the 
court dockets of cases fatally defective, and ascertain what was yet 
required in other cases, the Secretary and Attorney-General had 
appointed in each court district a committee consisting of the United 
States attorney, a Department of Justice inspector, and a special 
agent of this office. This committee took up and considered each 
case on the court dockets or pending for suit. Cases were found of 
twenty years' standing; particularly in the southern jurisdictions were 
found many old timber-trespass cases wherein the defendants had 
long since disappeared. These committees recommended the dis- 
missal of all cases wherein it was found no reasonable basis for 
assuming conviction or recovery could be had. As a result, there 
were dismissed 246 criminal cases; 71 timber-trespass civil cases; 18 
cases to recover lands, and 4 fencing cases. The remaining 1,094 
cases will require heavy drafts upon the time and expense of the field 
corps. Some of these are old cases which are now found to reauire 
additional work. Although the above cases are now in the hands of 
the Department of Justice, our agents must attend terms of court as 
witnesses; and, where additional evidence is required, the United 
States attornoj^s naturally expect agents who were familiar with a 
case from its inception to supply whatever further information is 
required. 

For the Attomey-Gteneral to require his own agents to secure addi- 
tional information involves the loss of time and monev incident to 
Slutting an investigation into new hands not familiar with the records, 
acts, and witnesses. Naturally, we must remain with the case to 
the end. 

Record of criminal cases from June SO, 1007, to June SO, 1908. 



Timber trespass 

Perjury 

Subornation of perjury 

Conspiracy 

Forgery 

Securing false afDdavits 

Boxing trees 

Unlawful inclosure 

Forest Hres 

IClsappropriations funds of United States . 

Total 



Indict- 
ments. 


Convlo- 
tions. 


16 
34 

4 
95 
4 
8 
5 
64 

I 


8 
8 


6 


3 

7 

31 
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Record of oriminml 09968 from Jmne 96, Xd#6, to December /, 1996. 



--— 


Found. 


tioos> 


nnet. 


Fines piid. 


ImpriflOD- 

XBMltS. 


Timber trofpASS. 


21 
15 
16 
7 
SI 


7 
14 


$739.82 
19,860.00 


9229.98 
6, 68a 00 






6 


Ptrjuiy 




InclosufB 


14 
2 


2,009.72 


i,56&oe 


3 




1 


-•-.....•••• - • •• >■••. 




............ 




TotfUff 


79 


87 


22,288.64 


8,847.94 


10 







The following tabulation is a smnmaiy of the unfinished work 
pending December 1, 1908, and given by neld divisions and number 
of cases: 




The question of values above mentioned is matter of opinion. 
Much 01 the coal is the very best in America; I have valued it at 
$160, $200, and $300 per acre. Should the Congress conclude to 
separate the coal from title to the surface in disposmg of lands, and 
permit coal mining on a royalty basis of only 10 cents per ton, these 
lands would produce $1,000 per acre for 10- foot veins, this on a basis 
that 10 out of 18 tons are actually mined. Many of these lands in 
the States rim from 16 to 26 feet in high-grade, workable coal; in ex- 
ceptional cases, fields carry coal measuring 30 and 40 feet in thick- 
ness ; in Alaska, there are pending coal entries upon coal measures as 
hi^ as 60 feet thick clear coal in one vein. 

The question of timber values varies according to market and 
locality. In the Smith cases, there are lands with 3,000,000 to 10,000,- 
000 feet to the quarter, worth on the stump $2 and $6 per thousand 
feet, or over $200 an acre. East of the Cascades the timber runs 
much lighter, and the good timber land fraudulently acquired several 
years ago has from 1,000,000 to 8,000,000 feet a quarter section, gen- 
erally, and is worth about $4 per thousand^ or, about $50 per acre. 
None of these lands are culls. Later entries are generally of less 
value. 



72639— S. Doc. 676, 60-2, vol 
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As to the value of mineral lands in Nevada^ the estimate of 
$15,000,000 and $25,000,000 of demonstrated values is based on careful 
field examination by competent mining a^nts. The New York 
Engineering and Mining Journal has estimated these lands at 
$1M,000,000. This refers to the particular lands already examined. 

This is a summary of the work performed, and the task ahead of 
the special agents, given in such detail as the state of work will per- 
mit, and intended to show the value of the services being performed 
by special agents of the General Land Office. 

This letter lays considerable emphasis upon the money value of 
the public domain and ite natural resources. Important as is this 
feature of our work, it is second to that of preserving for home 
builders the lands fit for homes and aiding to the fullest extent 
every settler in his effort to establish himself upon the public 
domain. The positive instruction of Secretary Garfield to his field 
force is that, although agents are to use every endeavor to pre- 
vent land frauds and crimes, they must always keep in mind that 
their principal task is to speedily reach and investigate the com- 

Elaints involving settlement rights, to the end that the honest settler 
B not harassed or delayed. To that end, as before stated, investi- ' 
gation has clear-listed over 13,000 cases since July, 1907.^ That work 
of itself has justified the wisdom of Congress in increasing the ap- 
propriation imder this head. Experience shows that, with hardly 
an exception, agents have followed instructions and have given the 
settler a favorable report wherever good faith was shown and a real 
intent to make a home could be drawn from all the circumstances of 
the case. On the other hand, they have uniformly reported the facts 
as they found them, or understood them, without fear or favor, 
conscious of the sufficient support of their superior officers. Some 
of the agents new to the work may have made errors of judgment; 
and in any case where complaint is made that the agent's findings 
are not warranted or that nis actions are not proper, independent 
investigation is made, or a hearing is had, to the end that no injustice 
be dcme either to the entryman or the agent. 

In addition to the regular work of advancing the settlement of the 
public domain, it will be seen from the foregoing summary that, 
through the arms of the field force, officers and employees, it is neces- 
sary to recover over $100,000,000 worth of the people s property, 
allejged to have been illegally or fraudulently acquired by private 
individuals and corporations. The last Congress raised the fund 
for this work from $250,000 to $500,000. Some of the larger cases 
cover lands patented years ago, and the knowledge or information 
of fraud is but recent. It is really a race with the statute of limita- 
tions in many large matters. A most cursory knowledge of the 
necessity of immediate action, action before the statute of limitations 
intervenes, and witnesses die, or memory clouds, show the inadequacy 
of $500,000 per annum to recover a hundred million in jeopardy. 
There is need for $1,000,000 for this work. It will be returned ten- 
fold in recoveries of national resources now held unlawfully by pri- 
vate parties. 

Note. — March 3, 1909, Congress appropriated the $1,000,000 asked 
for this work. 
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RIGHTS ANALOGOUS TO SCRIP. 



By S. W. Williams, 
General Land Office. 



Scrip and the rights analogous thereto mean the right to locate or 
exchange lands, the basis for such right usually consisting of other 
lands to which the party claiming the scrip had some right, but for 
some reason could not acquire title ; or else of land in private owner- 
ship, which, under certam conditions, may be exchanged with the 
Government for other lands. 

Scrip rights, however, are not always based upon the loss or ex- 
change of other lands, for Congress has granted scrip in the form of 
bounty land warrants for military service. Akin to this is the sol- 
dier's additional homestead right granted by the act of June 8, 
1872 (17 Stats., 833). 

The term scrip, of course, means a writing of some sort, but in 
land practice it has ^own to represent the right to locate land even 
where no actual certificate, warrant, or other paper is issued. Thus 
the right of a soldier or his assignee to make an additional home- 
stead entry, or the right of the owner of lands in a national forest, 
under the act of June 4, 1897 (now repealed), to exchange such lands 
for others, is termed scrip, though in neither case was it usual for 
the Government to issue any certificate or other writing as evidence 
of such right. 

In other instances, as in the case of surveyor-general scrip under 
the act of June 2, 1858, supreme court scrip under the act of June 
22, 1860, and other cases, it was made the duty of some designated 
officer of the Land Department to issue the written certificate or 
warrant. 

It may be said that it is the office of scrip to enable its owner to 
acquire title to public lands without the necessity of residing, set- 
tlingj or making any improvements whatever upon the lands to be 
acquired; and tne quantity of land which may be located is deter- 
mined onlv by the quantity of scrip which can be secured. The 
practice of selling the public lands indiscriminately to anyone pos- 
sessing the necessary money to pay the purchase price (which I may 
say in passing has always been grassly inadequate) was abandoned 
years ago, and now only those possessmg certain qualifications, and 
generally upon conditions more or less arduous^ may secure lands by 
thepayment of money, and even then only in limited quantities. 

This, together with the fact that scrip is usually transferable by a 
simple assignment, renders it very valuable, and an object of eager 
search. Its importance as a factor in the acquisition of public lands 
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becomes at once apparent, and the effect upon the morals of the 
land-seeking public is equally noticeable. 

Lawyers who might otherwise have become an honor to their pro- 
fession have degenerated into speculative scrip dealers. Men of ^ood 
standing in their communities nave not hesitated to commit perjury 
in behalf of their friends who supposed, from a mere similarity of 
names, that they were entitled to certain rights. Notaries public 
have dis^aced their seals and prostituted their office by the making 
of false jurats. And even the probate courts have been converted 
into mere machines for the production of ready-made administrators, 
regardless of the domicile or the parties or the locus or ownership or 
the rights involved. 

It naturally follows that claims established in this manner will 
not bear investigation. In the case of mere rights, without any ac- 
oompan;^in^ certificate, there is no occai^on for investi^tion until 
an appUcation is made to locate the ri^ht upon a specific tract of 
land. The location may fail — it frequently does — ^but m the meantime 
the locator, who may have purchased the right in good faith, has 
at least some color or title, and if he should remove uie timber from 
the land, he would be liable only as an innocent trespasser and could 
be made to pay only the stumpage value of the timber. The land 
would be denuded of its timber and yet not be cleared land suitable 
for cultivation, and, considering the cost of the investigation, the 
result would be a net loss to the Government. 

So many affidavits have proved false, so many forgeries have 
been made manifest, and so many invalid judgments rendered to 
" quiet title," that the Government must exercise every care possible 
for the protection of its interests. 

Moreover, in additicHi to protecting itself, it is the duty of the 
Government to protect, aa far as possible, the ownefs of the rights, 
because in many instances the identity of the real beneficiary is the 
only question involved. 

While the difficulties encountered upon the location of rights not 
represented by scrip or warrants are not usually attendant upon 
the location of certificates which have been previously issued, it does 
not follow that the law is more easily administered when the right 
to locate is represented by a written certificate. Indeed, there is 
little difference whether the right is represented by a certificate or 
not. In the case of mere rights the difficulty is not encountered until 
the location is attempted, while in the case of certificates the difficulty 
is encountered before the warrant or scrip is issued. 

In the case of surveyor-general scrip, under the act of June 2, 1858, 
where, as the name indicates, the right is represented by a certificate 
issued by the surveyor-general, most of the land claims which formed 
the basis of the scrip were confirmed by laws enacted prior to 1825, 
and manv as early as 1807, while the act which granted scrip for 
such of these claims as could not be satisfied in place was not passed 
until 1858. Consequently, most of the original claimants were dead 
before the scrip act was passed. Their heirs or assigns had little 
or no knowledge of the conditions, and made no effort to obtain the 
benefits of the act. Notwithstanding this, hundreds of thousands 
of acres of the scrip were issued and delivered to persons who secured 
their standing as legal representatives of the confirmees through so- 
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called probate proceedings. Of the half million and more acres of 
scrip so issued, it may be safely said that not <me-tenth of it reached 
the Deneficiaries intended by the law. Men of straw were appointed 
administrators, who either sold the claim for a nominal sum, suffi- 
cient only to defray the expenses of the probate proceedings, or who 
secured the scrip and sold it for its market value, converting the 
proceeds to their own use, no account whatever being rendered to the 
court, and none ever being demanded. Men of fine abilities devoted 
their energies to tJlie acquisition of this scrip. The rulings of the 
Land Department were evaded by one means or another, and the 
special service of the General Land Office being then in its infancy, 
or not yet even in existence, the illegal traffic continued. As illus- 
trative of the conditions and the attitude of the scrip men, I may 
refer to a letter written many years ago, whidi accidentally fell into 
my hands some years afterwards. In that letter the writer (a scrip 
dealer^ informed his partner that ^^ eternal vigilance is the price of 
scrip.'' 

It was not until quite recently, when the special service of the 
Land Department became thoroughly effective, that an end was put 
to this practice. It is now more or less an open question whetner 
the Government is liable to the real beneficiaries for the value of this 
scrip. 

Under the forest lieu act of 1897, the right to exchange depended 
solely upon the ownership of land in a forest reserve. Consequently, 
no stone was left unturned to obtain advance information as to the 
creation of these reserves, in order that lands to be induded therein 
might be acquired before the reservation became effective. Officials 
were bribed to furnish this information, after which evenr possible ef- 
fort was made to acquire a title that could be exchanged, and to this 
end frauds were committed upon the States to induce me selection and 
sale of such lands. 

The administration of laws which entailed such dose scrutiny in 
the office, and such thorough investigation in the fidd, is necessarily 
expensive. It becomes necessary for the clerks employed to acquire 
an intimate knowledge of the laws of all the public-land States af- 
fecting in any manner the title to real estate, and tJlie means resorted 
to by some or the scrip men render it necessary for the inspectors to 
master almost every phase of criminal law. Considering the value 
of the land surrendered, it would have been much less expensive if 
the Government had purchased the base lands for cash. 

It is but proper to state that the difficulties ^icountered in con- 
nection with the issue and location of scrip of the dasses indicated 
above are not usually attendant up<Mi the indemnity selections made 
by railroads and the various States, owing to the fact that the Gov- 
ernment deals directly with the railroad or the State, as the case may 
be, and the quantity of indemnity may be readily determined simply 
by a proper method of bookkeeping. Therefore, in such cases, the 
only question involved is the character of the lands to be located. 
This, of course, at times, necessitates investigations in the field to 
determine the character of such lands. 

The quantity of indemnity to which the State is entitled under its 
school grant can, in no cases, be determined imtil all of the land in 
the State has b^n surveyed, because, until the survey is executed, 
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it is impossible to ascertain whether or not the right of the State 
to the particular sections granted has been defeated. This right, of 
course, is affected from time to time by the creation of national forests 
and other reservations, and also by the settlement, by qualified per- 
sons, of unsurveyed lands. It may be said, in this connection, tnat, 
during the past nfteen years, some 6,000,000 acres of indemnity were 
certified to the various States, of which amount, 1,000,000 was certi- 
fied during the past year. 

I shall state, for the information of the commission, that the scrip 
rights acquired during the operation of the act of June 4, 1897, 
approximate 3,000,000 acres; of this quantity it is estimated that the 
outstanding rights, which were protected by the repeal of the act of 
1897, will approximate 25,000 acres. Claims based upon deeds of 
reconveyance to the United States, where no selections were made 
prior to, and which were not protected by, the repeal by the act of 
1905, are supposed to approximate 40,000 acres. 

There are outstanding comparatively few surveyor-general and 
Supreme Court certificates, but possibly more than 2,000,000 acres 
are involved in the outstanding military bounty land warrants. 
These certificates and warrants, lio we ver, can hardly be classed as 
scrip at this time, because, under recent rulings of the Land Depart- 
ment, they may be used only in lieu of cash in the payment for lands 
entered under the various general laws, at $1.25 per acre ; that is to 
say, these certificates and warrants may not be located as scrip usually 
is located. 

Of the several kinds of personal scrip which issued under special 
acts of Congress there are onlv a few rights outstanding, some of 
which, however, are very valuable, owing to the fact that little limi- 
tation is imposed upon their location. Valentine and Porterfield 
scrip are included in this class. 

Soldiers' additional homestead rights constitute, perhaps, the most 
important class of scrip which is outstanding. Its importance is due 
to the fact that it is assignable and may be located by the assignee 
upon any lands subject to homestead entry, no settlement, residence, 
or actual improvement being required. Speaking generally, the right 
exists where the qualified soldier made a homestead entry prior to 
June 22^ 1874, for less than 160 acres, the amount of the additional 
right bemg the difference between the quantity originally entered by 
the soldier and 160 acres. The total quantity of outstanding rights, 
therefore, can be determined only by first ascertaining the number 
of entries and the quantities of land embraced therein, which were 
made by such soldiers prior to 1874, and, owing to the fact that many 
entries were made before the military service was rendered, the entry 
papers themselves contain no evidence whatever connecting the entry- 
man with the subsequent soldier. This fact constitutes one of the 
important features or the right, and also renders the law exceedingly 
dimcult of administration. 

In the limited time allotted it is impossible to consider every 
phase of this subject; but one point remains which should not be 

f)assed unnoticed. The parties intended to be benefited by the scrip 
aws seldom if ever realize the full value of the rights granted. To 
use a trite figure, the men who owned the claim constitutmg the basis 
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for the right, assisted by the Government, sow the seed, but the 
middlemen reap the harvest. 

Many owners of scrip have no sense of its value, and I have heard 
men boast of having bought a soldier's additional right at less than 
one-tenth of its value. I have even heard of the purchase of a 160- 
acre bounty-land warrant for the sum of 50 cents. True, some of the 
rights are expressly made nonassignable, but even in those cases the 
law is evaded by the appointment of attorneys in fact, with power to 
locate the right and sell the land. 

It will thus be seen that where scrip rights are involved, if the Gov- 
ernment would protect its rights and those of the individuals intended 
to be benefited, it too must exercise eternal vigilance. 
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LAND CLASSIFICATION-SHOULD SURFACE BE SEPARATED? 



By Fbio) Dennbtt, 
Gommlssloner of General Land Office. 



When the position of geographer of the United States, under the 
Department of the Treasury, was established by the act of May 20, 
1785, the officer who was appointed was confronted with the propo- 
sition of, first, arranging the lands in blocks and, secondly, of secur- 
ing a purchaser for them when so arranged and made capable of 
description. The acres were so numerous, and money needed so 
seriously for the debts of the United States, that it was not so much 
a matter of particularity as to what was sold as to finding some one 
who would make a bid for what was offered. There were some 
1^422,000,000 acres on the market, and when an association of indi- 
viduals offered $1,000,000 for as many acres in what is now the State 
of Ohio, they were welcomed and the deed willingly handed them. 

Even in the early times, however, it was understood that there 
should be some knowledge obtained as to what the United States had 
in its public domain, and by the act of May 18, 1796, provision was 
made that " every surveyor shall note in his field book the true situa- 
tion of all minerals, salt licks, salt springs, and mill seats which shall 
come to his knowledge, all water courses over which the lines he 
runs shall pass, and also the quality of the land." Under the law 
at that time the returns were filed with the surveyor-general, but 
by later enactment the descriptive notes, as they are called, were 
to be filed in the office of the register and receiver. By various 
subsequent enactments geological surveys of the public domain were 
authorized, and such surveys were made of the States of Mich- 
igan, Wisconsin, Iowa, and rfebraska .and other Western Territories, 
but section 2406, Revised Statutes, provide that there should be no 
further geological surveys unless thereafter authorized by law. By 
the act of March 8, 1879, the office of Director of the Ghaological Sur- 
vey of the Interior Department was established. The act provided 
that this officer should have direction of the geological survey and 
the classification of the public lands, the examination of the geological 
structure, mineral resources, and products of the national domain. 
It was held, however, by the first director that this did not give the 
Director of the Geological Survey the duty of classifying the public 
lands, to the extinction of the direction given to surveyors and their 
returns. In this judgment he probably was confirmed by the fact 
that only $100,000 was authorized for the expenses of the survev. 

The records of the General Land Office show that at one time where 
lands were returned by the surveyor-general as mineral the same 
i08 
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were withdrawn from all forms of disposal except under the mineral 
laws. This sort of withdrawal met with strenuous opposition by 
those desirous of securing title to kmds which they alleged to be non- 
mineral in diaractar, but so withdrawn, and the witiidrawals were 
revoked by Secretary Sdiurz in 1880 and the practioe of making 
suspensions, based upon the reports of d^uty surveyors, discontinued. 
There is no doubt out that the classification so made was inaccurate. 
The deputy surveyor is not a mineralogist or (geologist and runs lines 
which are a mile apart, works for the completion of his contract and 
not for the exploitmg of the diaracter of the country. Local influ- 
ences would be very strong and might exercise a power over him which 
would be to the detriment of the general service. The rou^ classifi- 
cations were, of course, of use, but the tendency at first was to give 
them greater recognition than they deserved. In fact, the rough re- 
turn of the deputy survevor was contended up to within the last 
eighteen uMmths as being binding on the department in a lieu selec- 
tion for lands classed as agricultural, when it was a known fact that 
coal existed thereon, the deposits being discovered at a time subse- 

auent to classification. It is, however, held by the department that 
iiese returns can be overcome by evidence; and to hold otherwise 
would be f ataL 

It is a curious circumstance that the method of doing that which 
was recognized as a necessity when the lands were so numerous has 
not been improved or kept abreast of the times and pursued with 
greater particularity when the lands have become comparatively 
scarce and the necessitv f <^ classificatioQ therefore the greater. 

The General Land Office issues each year a list of the ^^ Unappro- 
priated Public Domain of the United States,'' whidi is baaed upon 
the returns of the descriptive notes of surveyors very often made 
vears before the publication of this document. The lands left are the 
^' culls " and the classification, which was made of lands before they 
were picked over, does not fit. In some instances climatic conditions 
seem to have changed and at least the basic principles upon which 
the lands were classified are not now as thejjr were. Methods of dry 
farming have made a change in the classification of that which we 
would nave called arid lands at one time. The ^^ brief description and 
character," so called, in this list, is inaccurate and misleading and 
there is not an intelligent understanding of that which the United 
States has left to offer. It was generally supposed eighteen months 
ago that there were but few areas left suitable for home building. 
During the past fiscal year, however, there have heeai 88,000 entries 
made under the homestead law and 23,000 commutation proofe ac- 
cepted^ a goodly percentage of which must have been perfected since 
that time, thus showing that the information at hand was not as 
perfect as a countrv as modem as the United States ^ould have. 

There come to the Land Office frcHU various parts of this country 
and from abroad manv requests for information as to our domain and 
tike character of the land which is left Th^*e is returned the list 
referred to above with a feeling that it furnishes very littie that can 
authentically be relied upon, and the question naturally arises as to 
whether or not the General Land Omce should not have authentic 
facts which would guide a would-be settler in his search for a home. 

The benefits of a thorough classification would be vast even thou^ 
that classification might not be conclusive for or against the govem- 
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ment. It would give to Congress intelligent information of how 
to obtain the best results from the dispossd of the remaining public 
lands of the United States; it would furnish the executive officers and 
their a^nts with a guide in attempting to follow the mandates of 
the legislative body; it would at least serve as a caveat to thwart 
those who seek to obtain unlawfully that which there are many desir- 
ous of obtaining with a full compliance with the statutes; it would 
be a warning that difficulties would be encountered in the acquisition 
of lands if sought under a law which did not embrace the lands, as 
classified ; it would assist in the determination as to what should pass 
under applications under the timber and stone act. Complaints have 
been received from various mining districts to the effect that timber 
and stone applicants seek to gain possession of lands which are really 
mineral in character. It has been the policy of the General Lanil 
Office to watch these as carefully as possible, but the only methods 
of detecting the application at present are, one, by a contest insti- 
tuted by an individual, and, two, after protest made, by an examina- 
tion by an agent, and for the latter work there are not agents enough, 
but it is an undisputed fact that there are many people who would 
be willing to gamble $400 for 160 acres of land in the vicinitj of a 
mineralized territory on the off-chance that at some time mmerals 
might be found therein. 

We have yet to know what the effect of the instructions recently 
issued concerning the purchase of timber and stone lands will be 
upon this situation. 

Would it not be of great value to Congress, could it have submitted 
classified list of its lands, upon which water can be brought in some 
future time, to make more homes to the quarter section, so that it 
could consider the advisability of legislation to preserve the lands 
for such purpose? One of many similar instances suggests itself 
wherein the claimant openly asserted that he had not grown any 
crop upon the land he claimed as a home, and that none could ever 
be grown without irrigation, but he wanted the land because some 
day the Government would, he thought, irrigate it. When such time 
comes, as it will come, the object of the act of 1902 will be, to that 
extent, defeated. There will be but one home where Congress in- 
tended more should be built. Had the area of coal lands been ascer- 
tained, the executive officers would not be offering a record of 474,- 
834.54 acres patented under the coal land laws, and many times that 
number of coal lands in private possession, obtained from the public 
domain. Had the timbered domain been accurately ascertained, 
with the character of the lands, the abuse of the commutation clause 
of the homestead laws, as shown in these regions, might have been 
stopped by Congress preventing the application of this clause to 
such of the pubfic domain as presented a value in trees and not a 

E resent value in land. Laws might possibly have been enacted to 
t classified areas and the lands therein, and not one law to attempt 
to fit all the dcMnain alike. It has been experienced by the agents m 
the field that sometimes it is a severe stram on a law to make it fit 
all conditions, which were not appreciated or known at the time the 
law was passed, being enacted to cover a status known at the time 
and having to meet new conditions to which it was not suited, as the 
latter have arisen. 
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Out of the original 1,421,777^80 acres of the public domain, we 
have disposed of 1,034,903,493, leaving some 386,873,787 acres to 
satisfy hungry land seekers who clamor for homes. These totals ex- 
clude the estimated 368,103,680 acres in Alaska. The lands so left are 
naturally the poorest. Fewer acres to give away, and a greater de- 
mand for them. 

In October of this year there were 4,000 160-acre farms thrown 
open for home seekers in the Rosebud Reservation in South Dakota. 
They were not free homes. There was an indebtedness to the Indians 
of $6 on every acre. For those 4,000 homes there were 114,769 ajgpli- 
cants, nearly 30 people who wanted to everyone who will obtam a 
chance to build a home. • 

A great deal of the prosperity of the United States and happiness 
of its citizens has been due to the fact that there has been room for 
expansion and a place for every man. There is but one conclusion to 
draw from this object lesson, and that is that the few lands which are 
left must be put to their greatest possible use. The surface should 
afford a home, though tunnels honeycomb the earth beneath. 

There are vast areas of land on the Pacific Coast which carry great 
values in their trees. Much of these areas have been sold for their 
tree values alone, but the soil has been purchased with the firs and 
spruce. Some day the sawmills will reach them and the lands will 
become what are called "logged-off lands." When the purchaser 
acquired them there was no consideration given to the value, either 
present or prospective, of the soil. The lands were cruised and the 
moneys paid for the board measure of lumber. The lands passed with 
the deed. There is no one living on the lands so sold. But every once 
and again in the woods the traveler unexpectedly sees meadow land, 
a farm house, and growing crops. The farmer there will have small 
chance of securing neighbors, even after the trees have disappeared, 
for the logged-off lands will be held at a price and there will not be a 
free home offering an opportunity for some one who would build up 
values on the lanato take the place of the trees it has lost. Of course, 
ultimately the land will be used, but not as soon as it would have been 
if the land were open to settlement after the trees had been cut off, 
and a free home could have been acquired by one who has not the 
price to purchase the lands, but who nas the brawn and willingness 
to force a living from the lands if he could have secured them from 
the public domain. 

Of course there are men who like solitude. Men there are who re- 
joice in the fact that the " last homesteader " is moving out, for then 
there will be no neighbors. But it nee^ not be argued that the greatest 
good is not attained where there do not live men enough to build the 
trails, to make the roads, and continue the work of wresting from 
nature the greatest returns she is willing to give. 

The evils of the present practice of giving to an applicant that 
which he does not ostensibly seek are shown more evidently in the 
workings of the coal land laws, where surface rig^hts go with the 
application for the coal. The question of the operation of the present 
law wiU be discussed at a later moment, and its inadequacies pre- 
sented. The homesteader seeks for the farm land only. He swears 
that he knows of no mineral deposits within the boundaries of his 
farm. One instance, a sample or many, where a claimant has lived 
upon his farm for twenty-three years. He has slept upon his rights, 
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in SO far as filing is concerned — but that could be cured — only to find 
at the time of wishii^ to perfect proof, that below the surface there is 
a deposit of coal which will prevent the issuance of his patent, under 
the law, as it now stands. He did not and does not want the coal. 
He wants his home. But the law says that he must take even to the 
center of the earth, and can not acquire that, if workable coal be 
found beneath his tillable land. We are at an impasse and yet the 
same land could practically be utilized ior the two purposes — the 
mine and the home. 

Alaska, with its 368,021,509 remaining acres of public lands, has not 
been prominently brought forward in this paper. The difficulties 
which will present themselves in the intelligent treatment of tlie 
lands of Alaska are before us. The experience of the past should 
guide. We have already learned that Alaska is not a country of bar- 
ren hills and waste valleys, but that there are there fruitful vales and 
pasture grounds. The situation in that district must be met at the 
outset. 

These thoughts are presented for the consideration of the commit- 
tee ^ not int^ided so much to be argumentative as to offer mattei*s 
which are, it is hoped, worthy of attention. 
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PRECIOUS MINERALS ON LANDS OF THE UNITED STATES. 



By Edwabd 0. Piwnet, 
General Land Office. 



The history of the mining of precious metals in the United States, 
in so far as related to existinj^ laws^ may be said to have bej^un with 
the discovery of gold in California m 1849 and the influx of treasure 
seekers to remotelocalities where, because of the nonexistence of fed- 
eral and state laws, the miners were of necessity compjelled to devise 
and adopt rules governing the location and possession of mining 
claims. The rules adopted by the early miners, as stated by Justice 
Field- 
All recognized discovery, followed by appropriation as the foundation of the 
possessor's title • • • and they were so framed as to secure to aU ccnnera, 
within practical Umlts, absolute equality of right and privilege in working the 
mines. 

The mining laws of the United States, which have been in force 
with slight modifications since 1866 and 1872, were drafted by men 
who not only represented the mining States in Con^;ress but who 
had actual experience in mining operations. To a considerable extent 
these laws recognized and adopted the customs and local regulations 
previouslv adopted by miners on the ground, especially with refer- 
ence to placer-mining claims. The law with reference to lode claims 
was probably, as suggested by Mr. Lindley in his work cm mines, 
based upon the customs in vogue among the lead miners of Derby- 
shire, requiring location to be made upon a discovery upon the top 
or apex of the vein and permitting the locator to follow the vein on 
its dip, whether within or without the surface area of his location, to 
the intersection of the vein with* vertical planes drawn downward 
through the parallel end lines of the location. With vein or lode 
claims the principal thin^ sought and to which the laws have been 
specifically directed is the vein itself, the right to acquire sufficient 
surface for the convenient working and development of the vein be- 
ing accorded by the law. Lodes or veins were not placed by nature 
in straight lines or at regular intervals, and any change in existing 
laws should be framed to meet actual conditions and not theoreticiS 
ones. 

Under existing laws of the United States, one who has discovered 
the apex of a vein or lode may locate a claim 1,500 feet in length along 
the presumed course of such vein with surface ground not exceeding 
300 feet in width on each side of the line of the lode. The discoverer 
of a placer deposit (and the term placer has been construed by the 
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Interior Department and by the courts to include not only such 
precious minerals as placer gold but deposits like sapphires, sheet 
asphaltum, building stone, oil, and gas]) is authorized bv the law to 
locate 20 acres of ground surrounding his discovery, the location con- 
forming as nearly as practicable with the United States system of 
public-land surveys. From two to eight individuals may, however, 
combine in makinjg a location which shall not exceed in the aggregate 
an area of more than 20 acres for each locator, thus permitting eight 
locators to locate and obtain patent for 160 acres of placer ground 
upon one discovery and the expenditure of $500 in development and 
improvement for the entire daim. The law, however, does not limit 
the number of separate lode or placer locations which may be made 
by individuals or associations. 

These laws were designed to and have had the effect of promoting 
the development of tne mineral resources of the United States. The 
history of mining operations in newer fields being usually that placer 
deposits are discovered and worked first because this class of deposits 
can be mined more cheaply and readily by the individual miner than 
can minerals found in rock in place 5 thus in Colorado, California, and 
latterly in Alaska, the placer deposits were discovered and developed 
first, and very properly the existing laws have been exceedingly lib- 
eral in the matter of the rights of mmers with respect thereto. Later, 
as the regions become more thickly populated and capital seeks in- 
vestment in the field, the lode deposits are developed. The vast 
amounts of gold taken from mines of California and Alaska, the pro- 
duction in the last-named district having increased from about 
$1,000,000 in 1880 to over $19,000,000 in 1907, have largely come from 
placer deposits on the public domain or from lands acquired under 
the placer-mining laws. As an instance of the enormous wealth found 
in veins or lodes, may be cited the Independence mine in the Cripple 
Creek district in Colorado, reported to have been sold a few years 
ago to an English syndicate for $15,000,000, the Camp Bird mine in 
the Creede mining district in Colorado, and the silver mines of the 
Coeur d'Alenes in Idaho. Among the profitable mines of low-grade 
ore may be mentioned the Treadwell mine in Alaska and the Home- 
stake mine in the Black Hills of South Dakota. 

Improved methods of mining and in the reduction of the ores have 
already increased and will continue in the future to increase enor- 
mously the output of mineral wealth from low-grade ores. In the 
mineral regions prospectors are constantly searching for new deposits, 
and as a result discoveries are frequently made in localities where the 
existence of mineral was undreamed of. In fact, for many years stock 
men, prospectors, and the like passed over the Cripple Creek district 
without suspicion of the vast mineral wealth beneath their feet, but 
each new discovery widens the field and promotes search for the 
precious substances. After the discoveries of gold in the Tonopah 
and Goldfield districts in Nevada, the country far and near, even 
far north of Reno, looked as though colonies of gigantic gophers had 
been delving in the hillsides. Up to June 30, 1908, 1,269,614 acres 
have been patented under the mining laws. 

However, during recent years, owing to the increasing value of 
timber and of water and water powers, there has been a temptation, 
to which many of the unscrupulous have succumbed, to seek to 
acquire title to nonmineral lands containing a growth of valuable 
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timber, or to control the course of a stream or a waterfall by means 
of alleged mineral discoveries and locations, especially under the 

f)lacer-mining law. This law, as heretofore indicated, is exceedingly 
iberal, the lands being disposed of at $2.50 per acre. It is an expe- 
ditious and easy way of obtaining title to the land. In one instance 
attempt was made to acquire titfe under the placer-mining laws to 
a tract of land 5 miles long and about 50 feet in width lying upon 
either side of a stream of water, the obvious purpose being to control 
the water, not to secure minerals. In a case that I inv^igated in 
California, one individual and his associates had more than 250,000 
acres of lands within and about a national forest, covered with 
alleged placer-mining locations, each location being made by eight 
persons and notice of the location recorded upon the county records. 
Thereafter most of the claims were conveyed to the instigator of the 
scheme or to a corporation in which he was interested. 

I found that these locations were, to say the least, impartially 
made, as they covered streams, valleys, mountain sides, and mountain 
tops. Nearly all of the claims were covered with a valuable growth 
or standing timber. In many instances I could find no evidence of 
any work whatever having been performed upon the locations; in 
other cases, the improvements consisted of log cabins erected from 
timber cut upon the lands. Most of the locations failed upon careful 
examination to disclose anv placer mineral ; and in not one instance 
were mining operations bemg carried on. One of these claims 
located along the course of a stream failed to disclose a single color 
of placer gold, but was found to be exceedingly valuable, because of 
the fall 01 the stream and the amount of water therein, for a power- 
plant site. When this claim was attacked, the owner failed to put 
m an appearance, and the claim was canceled on default. This case 
indicates the extent to which fraudulent locations may be made under 
existing laws. Many other instances have come to my attention 
where attempts have been made to acquire title to this class of lands 
under the placer-mining laws, and the location of mining claims 
has often been resorted to as a means of obtaining and holding pos- 
session of ground for townsite, business, or other purposes. It must 
be borne in mind that under existing laws one who has made a valid 
discovery and location of a mining claim is entitled to the exclusive 
enjoyment and possession of the land and is not required to apply 
for a patent or pay the United States for the land within any speci- 
fied period. Thus fraudulent locations have the effect of depriving 
both the United States and its citizens of the use and possession of 
the ground covered thereby, and such claims are only set aside after 
long and expensive proceedings before the department or in the 
courte. In other cases, where the lands do contain placer deposits, the 
applicants, not being required by existing law to pay for the lands 
and make entry within any specific time, work out the deposits and 
abandon the lands, leaving to the United States the worthless residue. 
Another defect is that under existing laws notices of location are 
not required to be recorded in the localland offices nor in the General 
Land Office. They are recorded, if at all, either with the local mining 
district or county recorder, and the officers of the United States 
charged with supervision over the public lands have no positive 
knowledge as to the number or extent of such existing locations. With 
reference to the annual assessment work required by section 2324, 
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Revised Statntes, to be performed upon mining claims, ihere is no 
penalty prescribed save the liability to lelocaticm by others, nor is 
jaoat of the performance of this work required by law to be filed in 
the Land Department The result is that the department, having no 
jurisdicticm over the matter of annual assessment work, is unable to 
secure the enforcement of the evident purpose of the law that not 
less than $100 must be annually expended in development of each 
mineral location or to declare mvalid locations based upon actual 
discoveries of valuable minerals, but upon which this assessment 
work is not nerformed. 

To concluae, it is suggessted that because of diange in conditions, 
both with respect to the minerals themselves and the other products 
or appurtenances of the soil, the fact that there is no law requiring 
entry to be made within a definite i>eriod, that the maximum area of 
placer claims is too large, and because the law does not require the 
record of location notices and assessment work to be made in the 
Land Department there is an apparent tendency at present to 
attempt to acquire a control of timber land, waters, and power sites 
on nonmineral lands, through alleg[ed placor locations, to monopolize 
the same, and to maintain possessicm and continue to use the same 
without paynient to the United States of the amounts omt^nplat^ 
by law within a reasonable time. 
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By T. J. BuTLEB, 
General Land Office. 



The act of March 3, 1873, provides for the disposal of the public 
lands of the United States containing valuable deposits of coal. 
Under its provisions every person above the aee of 21 years, who is 
a citizen oi the United States, or who has declared his intention to 
become such, or any association of persons each member of which is 
a citizen of the United States above the age of 21 years, or has de- 
clared the intention to become such, has a right to enter any quantity 
of vacant coal lands of the United States not otherwise appropriated 
or reserved, not exceeding 160 acres to such individual or 320 acres 
to such association of persons, upon payment of not less than $10 
per acre for such lands where the same are situate more than 15 miles 
from any completed railroad, and not less than $20 per acre for such 
coal lands as shall be within 15 miles of any completed railroad, or if 
such association consists of not less than four persons, and shall have 
expended not less than $5,000 in the development of tne mine, it may 
enter a maximum of 640 acres. 

Under the present holding of the department, and of the courts, 
only lands that contain a deposit of coal possessing commercial value 
may be entered under said laws. The tiieory of the law is that the 
prospective entrymen will open up a inine such as will demonstrate 
the value of the land as a coal proposition. No means has been pro- 
vided by the Government for ascertaining whether or not each par- 
ticular legal subdivision contains a valuable deposit of coal, further 
than the geological deductions from known facts, such as outcrops, 
or mines upon veins in the vicinity of the particular tract in ques- 
tion, and, as in many instances, lands which contain valuable de- 
I)osits of coal are valuable for agricultural purposes or for the 
timber they contain, great confusion has resulted in the classification 
of such lands. 

Less than 500,000 acres of the public lands have been disposed of 
by the Government as coal lands and patents issued under the coal- 
land laws. It will be admitted that the area disposed of since the 
enactment of the law in 1873 is very small as compared to the entire 
area of public land containing valuable deposits of coal. This results 
from otner reasons as well as from the difficulty in the classification 
of the lands, and is due, in a large measure, to the fact that under 
the present law, only 160 acres of land may be acquired from the 
Government by the individual, while the maximum for an association 
of not less than four persons is 640 acres. It is conceded that the area 
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allowed to be acquired by entry is, as a rule, too small to justify the 
great expenditure required in tne opening up and successful deyelop- 
ment and operation of coal mines. Those possessed of the means of 
developing lands of this character would not be warranted in invest- 
ing the sums that would be required in such development, and the 
production of coal, and to place it upon the market unless they were 
permitted to acquire a sufScient quantity of lands as a basis of their 
operation to render their investment a permanent one. As a result 
the tendency has been for persons and associations, who make entries 
and acquire patents to lands under the coal-land laws, to sell the same 
to corporations or large companies who develop them more with a 
view to the financial prosperity of the operators than to the interest 
of the public, and as the process of equipping the mine is expensive, 
it would be an impracticable and unwise investment if the area per- 
mitted to be entered were so limited as to make exhaustion withm a 
short time certain. 

Frequently coal deposits appear upon the surface of the land, 
which, if opened up Tby excavation into the side of the mountain 
where they appear, are, at a short distance from the surface, valuable 
deposits, while at the surface, and for a considerable distance beneath 
it, by reason of disintegration, the coal is of little value; and the 
individual who is led by the appearance of the coal on the surface to 
make entry of the land on which it appears finds that he has reached 
the limit of the land embraced within his entry before he has removed 
the disintegrated and valueless coal and reached the deposit that is of 
actual value. 

Under the present law, if the land contains a valuable deposit of 
coal, which may be found at a great depth beneath the surface, and 
at the same time is of great vahie for agricultural purposes, or for 
the timber it contains, the fact that it contains such a deposit of coal 
prevents the home seeker from acquiring the surface as a home, or 
the investor from developing the timber product. In sections of the 
public-land States there are vast areas, frequently several townships 
m extent, which are underlaid with valuable deposits of coal, and the 
surface of which is fertile and productive and of great value for 
agricultural purposes. A large part of these lands has been settled 
by actual settlers in good faith who have constructed valuable im- 
provements, with the purpose of establishing permanent homes, 
but it having become known before title was earned by the settler that 
such coal deposits exist upon the land, the Government has been 
compelled to cancel these entries at great loss and injustice to the set- 
tlers, and with no gain to the Government or anyone else ; or, if patent 
issued before the deposit became known, title to the coal deposits as 
well as to the surface of the land was, by the issuance of the patent, 
divested from the Government and vested in an individual who 
found it impracticable to develop the resources which his land con- 
tained. As a result, the coal field either remains undeveloped or an 
intended monopoly steps in and acquires from the individuals the 
coal riffhts covering the entire field, which rarely results in a develop- 
ment for the best interests of the public. 

It also frequently occurs that lands contain such a deposit of coal 
as may be profitably mined, and at the same time are of ^eater 
value for agricultural purposes. Under the present law, it is not 



Digitized by 



Google 



BUTLHB.] COAL LANDS. 419 

necessary that the coal deposit be of sufficient quantity and merchant- 
able quality to render the land more valuable for coal as a present 
fact than for other purposes, in order to render it not subject to entry 
imder the homestead or other agricultural laws, but it- is sufficient to 
prevent agricultural entry if the land contains a deposit of coal 
possessing a commercial value. The Land Department now finds 
itself confronted with a situation something like this: There are now 
pending before the General Land Office approximately 5,000 home- 
stead entries in support of which final proof has been submitted, and 
it conservatively may be estimated that an equal number of home- 
stead entries where proof has not been made embrace lands that have 
been reported by the United States Geological Survey as coal lands. 

As instances of this character, the coal fields of North Dakota, 
which to a great extent underlie a practically level or gently undulat- 
ing fertile plain, and the Raton coal field in northern New Mexico 
may be cited. In the North Dakota fields there are many localities 
where mines have been opened up showing a vein of good lignite coal 
6 or 8 or 10 feet in thickness. These mines frequently are located on 
lands 8 or 10 or as far as 16 miles from the Missouri River, and the 
veins of coal have not been opened between such mine and the river, 
but the government geologists, who have made examinations of these 
lands, have been compelled to classify all the lands between the river 
and such coal mines as coal lands for the reason that the same vein 
of coal, or what appears to be the same vein of coal, is visible in the 
banks of the river. This intervening space of from 4 or 5 to 16 miles 
in width is almost entirely occupied by settlers who have made entry 
for the land as homesteads. 

Many of these homesteaders have resided upon their farms for 
from five to seven years; have built comfortable houses and other 
improvements, in some instances of a value of from $1,500 to $2,000, 
and cases have come under my notice where improvements valued at 
$3,000 and even more have been made by such nomestead entrymen, 
with a view to obtaining title to the lands from the Government 
under the homestead law. The situation in the Raton coal field is 
quite similar. In that field the deposit of coal consists of several 
veins varying in thickness from a few inches to approximately 7 
feetw The coal is of excellent quality, and is said to be one of the 
best steam-producing coals that has been discovered in the United 
States. These deposits are found in blanket veins, which outcrop in 
the side of the mountain at approximately 1,000 feet below the top 
of the mountain. The top of tne mountain is a flat mesa from 1 to 5 
or 6 miles wide, and is covered with a growth of grass sufficient to 
render it valuable for grazing purposes, or where under cultivation 
abundant crops are produced. This mesa has been taken up by 
homesteaders, who have established comfortable homes and a pros- 
perous and substantial community differing from the coal fields of 
North Dakota, in that patent has issued, and these homesteaders have 
practically all received title to their lands. 

While the issuance of patents protects the interests of the individual 
in his improvements upon the land and his right to the use of the 
land and the coal it contains unless fraud is shown, still the fact 
remains that the Government has divested itself of all title to, in- 
terest in, or control over the valuable deposits of coal which underlie 
the patented land. In neither of these instances can the settler be 
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charged with actual knowledge of the coal character of the lands 
which he has selected. There are no outward appearances upon his 
land or in the immediate vicinity thereof that would charge one not 
a geologist, or without considerable acquaintance with geological 
formations, with knowledge of the presence of coal upon such lands. 
The settlers have ^ne upon the land innocently without intention of 
violating the law, m pursuance of the natural home-making instincts, 
and after having performed all that the Government requires of them 
under the homestead law, the Government has found itself unable to 
protect them in their rights to their improvements and the use of the 
surface of the land, as there is no provision of law whereby title to 
the surface of the land may be granted without granting title to all 
that lies beneath the surface. 

Under the present land laws no provision is made whereby the 
Government may develop the natural resources of its own land. In 
order to render these resources available the Government must divest 
itself absolutely of all title to the land and the deposits of coal which 
it may contain, nor has the Government any power under which it 
may, after it has divested itself of the title to the land, prevent the 
lands from being brought under the control of a monopoly, and 
either withheld from development or being developed in a wasteful 
manner. It thus happens that interests which own lands upon which 
are operating coal mines in one section of the country acauire contr<J 
of other coal fields and prevent the development thereof, oecause they 
deem it of financial benefit to themselves that the coal from this other 
field should not be placed upon the market and made available for 
public use. It, of course, is unfair and unjust to the community where 
such imdeveloped coal fields lie to be compelled to purchase the prod- 
uct of a distant field and pay transportation expenses. 

Besides all these defects in the law as it now stands there is what, 
from the standpoint of public policy, is greater and of more im- 
portance than any or all of them — that is, the absolute lack of pro- 
vision whereby the Government can conserve its coal resources or in 
any manner regulate their development. Under the present law, 
when the Crovernment parts with title to the land, the private par- 
ties may conduct their operations in such manner as they see fit, and 
may entirely exhaust the deposit if it seems best for their financial 
interest that they do so. They mav operate their mines in such man- 
ner as to take out only the heart of the vein, which is of the very best 
quality, while large quantities of coal possessing utility are either per- 
mitted to remain m the ground or to waste upon the dump at the mine 
opening. It is a fact of common knowledge, and it is necessarily so, 
that under the present law this great natural resource is simply a 
subject of speculation, dependent upon the present exigency of oppor- 
tunity for nnancial gain and with no concern for the future. 

The development and production of coal is conducted entirely with- 
out concern as to the coal supply for the future. The result has been 
that in many sections of the country the coal supply already is becom- 
ing depleted, and in some cases has been exhausted and the mines 
abandoned. In this connection, when I say the supply has become 
depleted or exhausted, I do not mean as to the physical presence of 
the coal, but as a profitable investment the operation of the mines 
is not sufficient inducement to withdraw the necessary capital from 
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other channels of trade. Under the present law, if an applicant 
is qualified to make a coal entry and acts in good faith ana com- 
plies with the requirements of the law, he can not be refused patent, 
and when patent issues, under such circumstances, the Government 
divests itself absolutely of further control over the coal deposit or 
the development thereof. No matter what waste may be committed, 
nor to what extent the public may be deprived of the use of this great 
resource, the Government can not, except under its police power, 
interfere with the right of dominion over his property exercised by 
the individual. 
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THE DESERT LAND ACT. 



By W. B. PUGH, 
Genera] Land Office. 



It is diiBcult if not impossible to conceive that Conffress, when it 
framed and enacted the acts of March 3, 1877, and March 3, 1891, 
which contain what we commonly call the law of desert-land entries, 
did not have in contemplation the beneficent results incident to a 
complete and permanent reclamation of the arid public lands as 
distmguished from a partial and temporary achievement in that 
direction. And I think it will, as it must, be conceded that such was 
the object and the hope of the lawmakers, for, as reformation is never 
of any value save as it is effectual and durable, so would reclamation 
of waste and desert areas be useless and unprofitable if subjugation 
is to be only for a time, after which the desert is to return with all its 
incidents. Temporary reclamation is nothing but a casual suspension 
of natural conditions, and without continuing means of and provision 
for irrigation a reclaimed desert would soon relapse into ite former 
state of aridity and barrenness. 

The law intends, and expressly demands, that as a condition pre- 
cedent to the acquisition of title to desert lands, the individual who 
seeks the benefit of its license shall perform and prove actual and 
absolute reclamation of the whole area of the entered land. There 
is no qualification, in the language of the law, as to the extent or 
degree of successful achievement, but a plain and unequivocal require- 
ment of full and complete redemption. The letter of the law does 
not authorize any disposition thereunder of one solitary acre of un- 
reclaimed lands, but the Interior Department, charged with adminis- 
tration, has very properly construed its provisions in such manner 
and to such effect that, where it is satisfactorily shown that there are 
included scattered areas too high or too stony to admit of successful 
and practicable irrigation, failure to carry water onto those areas will 
not defeat an application for patent. By way of taking some secur- 
ity for the future the law has been held to require that as a means 
to permanent irrigation the entryman shall possess, in his own right 
ana by an absolute title, the right to the use of water sufficient for the 
irrigation of all of the irrigable land included in his entry ; and, by 
way of providing for irrefragable and indisputable evidence that 
the grasp of the desert has been broken and cast off, it is required 
that at tne end of four years the entryman shall prove that he has 
successfuUy cultivated at least one-eighth part of the l^nd he has 
undertaken to redeem, 
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Having laid this premise as to the spirit and the purpose of the 
law, as evidenced by the several specific provisions or constructive re- 
quirements thereof to which I have alluded, I shall now make a few 
suggestions as to the practical workings of the law as I have had 
opportunity to observe them in the field. 

First. It is manifest that, apart from those evils to which the 
operation of every public-land law is subject, which have their origin 
in craft and cunning and guile, and which tend to defeat the design 
of the law, the administration of the desert-land law is subject to 
abuses which may be deemed special and pjeculiar. In the short 
space allotted to me I can only direct attention to two or three of 
the principal of these abuses. What seems to be a very serious 
evil, and one conmionly met with in practice, may be ascribed to 
the failure of the law itself to fix and prescribe any minimum of. 
irrigable and irrigated area, out of a total area entered, which will 
entitle the entryman to patent. As I have previously pointed out, 
the department, considering that Congress must have known and 
had in mind when it enacted this law that nearly every desert-land 
entry would embrace some small spots or parcels of ground which 
could not be irrigated without resort to expenditure greater than any 
possible value those particular parcels would possess in a reclaimed 
condition, has so administered the law as not to require proof of the 
irri^tion of such small parcels. As to such included areas the onl^ 
requirement of proof is that it shall be shown that reclamation is 
impracticable, but the department has not prescribed, and can not 
establish, any engineering standard bj[ which to determine the prac- 
ticability or impracticabirity of irrigation to which resort may be had 
in all cases, and must maniiestljr accept the statement of the claimant 
and his proof witnesses concerning such an alleged condition ; and it 
is more or less obvious that the determination oi what is and what is 
not practicable in irrigation is, as it must be, left largely to the con- 
clusion of the claimant and those who testify in support of his claim. 

The proof usually submitted in support of such a contention or 
conclusion is wholly nonexpert and improfessional and is generaUy. 
extremely simple and indeterminate in character and probative tend- 
ency. As a result of this want of fixed limitation and in the absence 
of any standard by which to measure practicability of irrigation, 
desert-land entries for 320 acres of land very frequently pass to 
patent upon proof showing reclamation of only 40 or 45 acres; and 
m passing it may be suggested that even this slight modicum of 
achievement is often of doubtful value. While serving in the field 
I have often had my attention directed to desert-land entries on 
which patents had been granted of the lands of which only a small 
portion had been irrigated. It required only a casual examination 
to create the conviction that the expenditure of some very small sum 
of money in addition to what had oeen expended, or the exercise of 
some ^eater intelligence or care in the choice of a location for the 
diversion dam or reservoir, would have resulted in an important in- 
crease in the irrigated area. The impression created in my mind, as 
the result of what I witnessed of the operation of the desert-land law, 
is that it is too frequently the case that the entrymen of such lands 
desire to secure them only for pasture for cattle, for which purpose 
thev would provide a sumcient growth of grass without irrigation, 
and that reclamation is only a fiction, or perfunctory sort of process, 
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necefearily preceding application for the legal title. It is also true 
that the entryman, when he comes to determine what portion of the 
entered lands it is practicable to irrigate, does not always have in 
mind the test of practicability described by the department, to which 
I have previously alluded, but rather refers to the state of his purse, 
or his willingness to make the expenditure necessary for reclamation 
of a larger area. 

Second. The water rights relied upon are too often so precarious, 
or so utterly without merit, as to hardly deserve the title. Very fre- 
quently do they depend upon mere surface-water drainage, accumu- 
lated in or by a dry draw, coulee, or arroyo and conserved in a reser- 
voir created by constructing a dam across the coulee at the place of 
ultimate impounding. 

While appropriation of surface water is sanctioned by the laws 
of some of the States, it is more or less difficult, if not impossible, for 
the legal mind to clearly perceive how such an alleged right can pos- 
sess either of the essential elements of permanency or absolutism, 
except and unless the entryman owns the drained area or has some 
contract right by which he may forever demand unobstructed flow 
of the surface waters. By surface waters I mean, of course, the 
waters resulting from rains or melting snows. If he has no such 
title or contract right, it seems more or less clear and certain, as a 
legal proposition, that, however such a right, or alleged right, may 
have the support of state legislation, the claimant under it can not 
hope to so enforce his claim against the United States, or against 
their grantees of the lands within the drained area, as to charge those 
lands with the burden of forever serving as a mere dripping pan for 
the benefit of his lands. On the contrary, it might seem reasonably 
well settled that the legal owners of such drained lands may employ 
them in agricultural uses or other lawful ways without regard or 
concern for such consequential interference with, or absorption of, the 
surface waters as will practically destroy the right of the alleged 
appropriator. 

Third. As now ordered and provided by the law of most of the 
several States and Territories, a water right is not appurtenant to the 
land upon which it is employed, in the sense that it can not be severed ; 
as a consequence, the same right is made use of for the temporary 
reclamation of several different tracts of public lands claimed by 
different entrymen, one of these exercising it only long enough to 
enable him to make the proof required by law, whereupon he trans- 
fers it to some other claimant, who would not otherwise be able to 
secure the use of water, owing to the prior appropriation and often 
overappropriation of all of tne available water. It is a manifest 
consequence of this condition that there are, in many localities where 
this practice obtains, large areas of land appropriated imder the 
desert-land law, for the permanent reclamation of which there is 
no possible source of water supply. It is a common experience to 
find that there are large quantities of land with whose title the Gov- 
ernment has parted under the desert-land law and as to only a very 
small portion of which has the real and essential purpose of the 
law been secured. I may properly say that I have traveled through 
localities in which more or less extensive areas of lands had been 
disposed of under the desert-land law, and a most critical inspection 
failed to reveal the slightest evidence that these lands had ever re- 
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ceived any treatment different from that to which the yet unappro- 

friated public lands in the same localities had been subjected. Yet 
had no reason to doubt, and, in fact, inquiry led to the con- 
viction, that the letter of the law had been complied with, with 
¥5rhaps some slight evasion and some slight coloring of proof, 
he situation I observed was simply due to the fact that the 
entrymen of these lands had not, at the time of original entry, enter- 
tained any purpose to permanently maintain the condition of re- 
clamation wnich they might produce; acquisition of legal title had 
been followed by concentration of ownership and subsequent aban- 
donment of all irrigation instrumentalities. Lapse of time and the 
trampling of cattle, to the pasturage of which the lands had become 
devoted, completely effaced aU evidences of ditches and all other 
means or results of irrigation. 

There are other evils of which I might give some illustration if 
my title to your further patience were greater, hut those which I have 
tried to delineate seem to me to be tne most serious, as considered 
apart from those which are the result of pure fraud and unscrupu- 
lous and purposeful violation of the law. 
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COAL FIELDS OF THE UNITED STATES. 



By Mabius' R. Campbell and Edwabd W. Pabeeb, 
United States Geological Survey. 



According to the estimates prepared by the U. S. Geological Sur- 
vey, the area underlain by workable coal beds in the United States 
is 4i>G,776 square miles. Of this total area, 480 square miles contain 
the entire anthracite coal fields of Pennsylvania. The bituminous 
coal fields are estimated to be contained in an area of 250,061 square 
miles. The grade of coal between bituminous and lignite, which 
is designated by the Geolo^cal Survey as " subbituminous," is esti- 
mated to be contained withm areas aggregating 97,636 square miles, 
while the areas containing lignite aggregate 148,609 square nailes. 
The coal fields are divided, for the sate of convenience in classifica- 
tion, into six main provinces, as follows: 

1. The eastern province, containing the anthracite coal fields of 
Pennsylvania and the bituminous coal fields of the Appalachian 
region, i. e., those of western Pennsylvania, Ohio, Virginia, West 
Virginia, Kentucky, Tennessee, Georgia, Alabama, and small out- 
lying areas in North Carolina. 

2. The interior province, containing the bituminous coal-produc- 
ing regions of Micnigan, Illinois, Indiana, western Kentucky, Iowa, 
Kansas, Missouri, Oldahoma, Arkansas, and Texas. 

3. The Gulf province, containing the lignite areas of Alabama, 
Mississippi, Louisiana, Arkansas, and Texas. 

4. The northern Great Plains province, containing the lignite 
subbituminous areas of North and South Dakota, eastern Montana, 
and northeastern Wyoming. 

5. The Rocky Mountain province, containing the bituminous and 
subbituminous areas of western Montana and western Wyoming, 
Colorado, Utah, and New Mexico. 

6. The Pacific coast province, containing the areas of Washington, 
Oregon, and California. 

Earing the last few years the Survey geologists have worked in all 
of these coal areas and have also been making careful estimates of 
the quantity of coal contained in the beds when mining first began. 
In making these estimates care has been taken to ascertain how much 
of the supply is easily available and how much is either not available 
under present mining and market conditions or is available with 
extreme difficulty. According to these estimates the quantity of coal 
contained within the known area of the United States when mining 
first began was 3,076,204,000,000 tons. Of this quantity a little less 
426 
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than two-thirds, or 1,922,979,000,000 tons, is considered as coal that 
is easily accessible or minable under present conditions, while slightly 
more than one-third, or 1,153,226,000,000 tons, is considered as non- 
minable under present conditions or accessible with extreme difficulty. 
It should be remembered, however, that the quantity of coal given 
above as easily accessible includes the lignites and subbitummous 
coals of the Western States, of which approximately 530,000,000,000 
tons, while easily accessible, can not be considered available imder 
present conditions or those which may be expected in the near future. 
This would reduce the original supply of easily accessible and avail- 
able coal to approximately 1,400,000,000,000 tons. 

The area or the diflferent provinces and the quantity of coal con- 
tained therein when mining first began are shown in the following 
table: 

Tonnage (short tons), ty provinces and accessibility, 

[Orlclnal coal supply.] 



ProviDoe. 



Ares In 
square 
miles. 



Amount easily 
aooessible. 



Amount accessible 
with difElculty. 



Total. 



Eastern 

Interior 

Gulf 

Northern Great Plains. 

Rocky Mountains 

Paoifio coast 



70,022 
144,804 

84,300 
103,564 

02,396 
1,830 



655,684,000,000 
406,667,000,000 

13,045,000,000 
521,793,000,000 
414,740,000,000 

11,100,000,000 



8,000,000,000 

91,000,000,000 

10,045,000,000 

450,000,000,000 

674,280,000,000 

10,900,000,000 



563,634, 
497,667, 

23,090, 
980,793, 
980,020, 

22,000, 



000,000 
000,000 
000,000 
000,000 
000,000 
000,000 



Total j 496,776 



1,922,979,000,000 



1,153,225,000,000 



3,076,204,000,000 



The distribution of this original supply of coal, according to grades 
and accessibility, is shown in the following table: 

Totmage {short tons), &v grades of coal and accessibility, 
[Original coal supply.] 



Kind of coal. 


Area In 
square 
miles. 


Amount easily 
accessible. 


Amount 

easily accessible 

andavaUable. 


Amount accessible 
with difficulty. 


Anthracite and bituminous 

Bubbltuminous ....-, 


260,531 
97,636 
148,609 


1,176,727,000,000 
356,707,000,000 
389,645,000,000 


1,176,727,000,000 
} 216,252,000,000 


606,730,000,000 
293,450,000,000 


Lignite 


354,045,000,000 






Total 


496,776 


1,922,979.000,000 


1,392,979,000,000 


1,153,225,000,000 





The first mining of coal in a commercial way, in the United States, 
was in what is known as the Richmond basin, a small area in the 
eastern part of Virginia. Small quantities of coal had been mined 
here in the latter part of the eighteenth century and it was also in 
the latter part of the eighteenth and the beginning of the nineteenth 
centuries tnat efforts were being made to introduce anthracite coal for 
fuel purposes. The first actualrecords of the production of Virginia 
coal were in 1822, in which year it was reported that 54,000 tons were 
mined. In 1820 (two years before) 365 long tons of anthracite coal, 
or 1 ton for each day of the year, had been shipped to distant mar- 
kets. From these small beginnings of less than a century ago the 
production of coal has increased imtil in 1907 the total output of 
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anthracite and bituminous coal approximated -500,000,000 tons. In 
1837 the total production of the iJ^nited States reached, ior the first 
time, a total exceeding 1,000,000 tons, the output being reported from 
4 States only — Pennsylvania, Virginia, Kentucky, and Illinois — al- 
though Maryland also was producing a small quantity of coal at that 
time. In 1840 the production amounted to a little over 2,000,000 
tons, the output being reported from 13 States. Ten years later, in 
1850, the production amounted to 7,000,000 tons; in 1860 it was over 
14,000,000 tons; in 1870 over 33,000,000 tons; in 1880 over 70,000,000 
tons; in 1890 it approximated 160,000,000 tons; in 1900 it was nearly 
270,000,000 tons ; and in 1907 it was 480,000,000 tons. The aggreffate 
production to the close of 1907 has amounted to 6,865,097,567 short 
tons. 

Up to the close of 1845 the total production of coal in the United 
States was 27,700,000 short tons, ana since that time the drain on the 
supply has practically doubled with each decade. The total pro- 
duction to 1845 and decennially since that time has been as follows: 

Short tons. 

Up to 1845 27, 677, 214 

1846-1855 83, 417, 827 

1856-1865 173, 795. 014 

186^1875 419, 425, 104 

187^-1885 *- 847, 760, 319 

188^-1895 1, 586, 098, 641 

1896-1905 2. 832, 402, 746 

1906-1907 894, 520. 702 

Total 6,865.097.667 

It is estimated that fcwp every ton of coal mined and sold, half a 
ton is lost or wasted, so that the total production of 6,865,097,567 
short tons to the close of 1907 represents an exhaustion of 10,200,- 
000,000 tons, or 0.3 per cent of the total original supply, or 0.7 per 
cent of the coal which is easily accessible and available under the 
present conditions. The total supply of easily accessible and now 
available coal left in the ground at the close of 1907 was 1,382,780,- 
000,000 short tons. 

Accompanying this statement two charts are presented, one show- 
ing the production of coal annually from 1846 to 1907, the other 
illustrating the average annual production by progressive ten-year 
periods for the same length of time, the latter chart having been 
prepared in order to eliminate minor variations due to abnormal 
conditions. The average annual increase in coal production fiffured 
from the average of progressive decades shown on the second dia- 
gram is 7.36 per cent, and for the last five progressive decades — 
1894-1903 to 1898-1907— the rate of increase has been above that 
average. 

DURATION OF SUPPLY. 

The total reserve of easily accessible and now available coal is 
estimated at 1,382,780,000,000 tons. The assumption that a con- 
stant output has been reached would be utterly unwarranted. On 
the other hand, the adoption of the flat rate or annual increase of 
7.86 per cent would involve the improbable assumption that the 
marvelous record of the past and present will be maintained in the 
future and the production would continue to approximately double 
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every decade. Using the waste allowance, on the basis of this con- 
stant rate of increase in production, the 1,382,780,000,000 tons avail- 
able at the close of 190? would be exhausted in one hundred and 
seven years, or by 2015 A. D. Against the use of the flat rate of 
increase it may well be contended that just as the rate of increase 
in population tends to diminish, so this rapid increase in per capita 
consumption of coal can not persist, and a constant annual production 
will be reached. However, the figures set fifty years ago by statis- 
ticians for the probable constant annual production of coal m Eng- 
land have already been exceeded by over 160 per cent. 

Mr. Henry Gannett has made an estimate based upon a decreasing 
rate of increase calculated from twenty-year averag^es of production. 
The use of ten-year averages is regarded as unsatisfactory for the 
reason that one of the decades may consist mainly of a period of pros- 
perity, while the preceding and succeeding decades contain periods 
of business depression. The twenty-year period, however, is suf- 
ficiently long to include a period of prosperity with one of business 
depression. Taking the four twenty-year periods since 1828, three 
rates of increase are obtained whidi show a rapid decrease. The 
hyperbolic curve computed from these successive rates of increase 
will indicate the constantly diminishing rate of increase for the suc- 
cessive twenty-year periods. The result obtained by this method is 
that the easily accessible and available coal will be exhausted about 
the year 2027, and all coal by the middle of that century. It is 
recognized that the data upon which this curve has been constructed 
are few and the curve correspondingly weak. However, in the above 
estimate all of the data have been given which it is possible to use, 
and this estimate is believed to represent the best use that can be 
made of the data at hand. 

Inasmuch as America leads the world not only in present produc- 
tion of coal, but also apparently possesses the greatest reserve and 
certainly is mining coal at much lower cost than any other country, 
the obvious tendency will be for European countries to look more and 
more to the United States for their coal supply. Therefore, while our 
present coal production and consumption are practically equivalent, 
the export of coal, unless prohibited by federal legislation, must even- 
tually become a factor and increase the coal production in the United 
States beyond the demands of home consumption. On the other hand, 
powerful influences will come to bear upon coal production, which 
favor lengthening the life of the supply. Thus it is to be hoped that 
with more improved methods in the utilization of coal the increased 
efficiency per unit may act as a factor in reducing coal consumption, 
and improved mining methods should likewise decrease the waste per- 
centage. The increased utilization of water power should also tend to 
decrease coal consumption. Again, as soon as the end appears in sight 
prices will rise and production diminish, and that progressively. This 
interference with the law of decreasing increase produced by growing 
scarcity will, of course, prolong the life of our coal reserves, but at 
the same time will greatly hamper our industries that depend on this 
fuel. 

With so many indeterminate factors whose importance is realized 
but can not be measured, prophecy must possess a questionable value. 
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WASTE IN COAL MININa 

The principal loss or waste attending coal-mining operations is that 
represented by the quantity of coil necessarily left in the ground as 
pillars to support the roof. In some cases it is also necessary to leave 
a foot or more of coal as a part of the roof, because of the unstable 
character of the material overlying the coal, which itself does not 
make a good roof. It has also been frequently the case that, where 
portions of the coal bed have been of inferior quality, only the high- 
grade coal has been nained and the poorer material left. The coal left 
as pillars, or as portions of the roof, ma^ be considered a necessary 
loss, but that which is left because of its inferior quality can not be 
considered unavoidable waste in any sense, and is frequently of higher 
grade than coals mined and used in other portions of the country. 

Enormous quantities of coal have been lost beyond recovery from 
the mining of beds lying below, the caving of which, upon the with- 
drawal of the pillars, has so broken up the overlying strata as to 
render it impossible to recover the coals contained therein. This has 
1)een particularly the case in some of the coal beds of western Penn- 
sylvania, but much improvement has been observed in this regard 
within later years. Notwithstanding the improvement in this respect 
it is probable that a large amount of coal wul be wasted in the West- 
ern States, where a great number of coal beds are closely associated, 
and also where the intercalated strata are weak, forming poor roofs 
to the mines. 

There are no exact figures as to the actual loss or waste sustained 
through coal left in the mines in conducting the mining operations, 
but it has been estimated that it amounts to 50 per cent of the quan- 
tity produced and marketed. In some cases, tnrough careful min- 
ing and where the conditions are ideal for working, practically all 
of the contents of the coal beds are recovered. In other cases,, par- 
ticularly when the beds are of enormous thickness, the recovery has 
not exceeded 30 per cent of the contents. During the earlier days 
of mining in the anthracite regions of Pennsylvania it was esti- 
mated that only 40 per cent of the coal was marketed. This was 
partly due to uneconomical methods of mining, and partly to the 
large amount of culm, for which there was at that time no market 
and which was piled on the ground in unsightly mountains. At the 
time of the Anthracite Coal Waste Commission, which made its 
report in 1893. 40 per cent was still considered a maximum recovery. 
So far as underground workings are concerned, there has been no 
revolution in the methods employed since that time, but there has 
been a considerable improvement in the application of those meth- 
ods, which has resulted m the recovery at the present time of a mate- 
rially larger proportion of the coal in the ground than was the rule 
at that date. Tne earlier methods of mining consisted in leaving 
comparatively narrow pillars, and in the mining of large rooms the 
the result was that the pillars were not strong enough to stand the 
pressure and were crushed beyond recovery. It is now customary 
to use larger pillars between the rooms, which makes it possible to 
better control the roof during " robbing " operations and to eventually 
recjover a larger proportion of the contents of the bed. 

Material improvements have also been made in the methods of 
the preparation of coal, so that a much greater proportion of the 



Digitized by 



Google 



CAMPBELL AND 
PABKER. 



] COAL. 431 



product hoisted is now being sent to market in merchantable condi- 
tion. Part of this is due to better and more systematic methods of 
handling, and part to the saving of small sizes which formerly went 
to the culm banks. The higher prices of coal and the development 
of methods for using these small sizes have also made it possible, 
through washing processes, to rework the small coal formerly thrown 
on the culm banks, and these are now furnishing several millions of 
tons of marketable coal annually. 

Under present conditions, except in cases where the surface must 
be maintained, it is estimated that in the Wyoming region of the 
Pennsylvania anthracite field the recovery for market is from 60 
to 64 per cent. In the Lehigh, Mahanoy, and Schuylkill regions 
the recovery for shipment is estimated at 56 per cent. 

When the Anthracite Coal Waste Commission « made its report 
in 1893 the shipments of anthracite had amounted to 820,362,995 
long tons, and the total production was estimated to have been 9<)2,- 
000,000 long tons. The commission estimated that for every ton 
produced, 1^ tons were lost, and the total exhaustion was estimated 
at 2,255,000,000 long tons. The estimated original contents of the 
field were 19,500,000,000 tons, and the estimated contents remaining 
at the beginning of 1893 were 17,245,000,000 tons. 

The commission in its report (p. 149) says: 

It is to be doubted whether the total coal won when the field shall be aban- 
doned will exceed 40 per cent of the total contents. An estimate on that basis 
would show the aya liable marketable coal still now in the ground to be as 
follows : 

Tons. 

Wyoming region 1, 859, 000, 000 

Lehigh region 477, 500, 000 

Schuylkill region 4, 561. 500. 000 

In all 6, 898, 000, 000 

The amount of coal won at the modem colliery due to Improvements in min- 
ing methods. In the appliances for handling the coal, and in the utilization of the 
small sizes shows a decided advance over the earlier years of mining; a still 
further advance will undoubtedly be made in these directions, and the mining 
of the small beds, where a larger per cent can be won, will all tend to increase 
the total. Future estimates for a long time will in all probability show an 
advance in the total per cent won. 

What the commission predicted in the foregoing paragraph has 
to some extent already been accomplished, from the fact that coal 
is now being mined from beds that were not considered a part 
of the available reserves when the commission made its report. In 
mining methods, as previously stated, there has also been a marked im- 
provement, and the writers are of the opinion that it is safe to assume 
that since 1893 the 1 ton of coal lost for every ton mined is nearer 
the actual results than IJ tons lost for each ton mined, and at this 
rate the available supply at the beginning of 1893 would have been 
8,022,500,000 tons instead of 6,898,000,000 tons. The total production 
from 1893 to the close of 1907 has amounted to 833,187,445 long tons, 
which deducted from the estimated available supplv of 8,622,500,000 
tons would leave as the remaining available supply Y,789,312,555 long 
tons, it being understood that this is only one-half of the coal left 

"The members of the commission were Eckley B. Coxe, of Drifton; Ileber 
S. Thompson, of PottsvlUe ; and William Griffith, of Scranton, Pa. 
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in the ground untouched. What may be done in the future in the 
way of recovery of coal which is now considered an absolutely neces- 
sary waste and lost for all time is, of course, a matter of conjecture. 

In the mining of bituminous coal it is estimated that for every ton 
of coal produced for market one-half of a ton is lost or wasted. The 
part of this which is represented by the coal left in the mines for 
pillars, etc, may be materiallv reduced, but in many cases the recovery 
of a larger percentage of the coal in the ground can be obtained 
only by an increased cost of mining ; and this in the face of the over- 
developed properties, keen competition, and low selling prices is 
incapable of accomplishment at the present day unless there oe con- 
certed l^slative action by the governments of the several States. 

There is another and a serious loss or waste in bituminous coal 
mining which is, like the culm in the anthracite fields, represented 
bjr the slack or fine coal necessarily or unnecessarily produced in 
mininff operations. This is particularly the case when the coal is of 
the "dry" or noncaking variety which can not be used for coke 
making or which, because it does not fuse in the fire box, fails to 
make a satisfactory steam fuel. Many thousands of tons of this 
" slack " coal are thrown on the ground each year, and much of 
it is burned in order to prevent it n-om " cumbering the ground " or 
adding extra weight above the mine workings. A large part of this 
waste could be prevented by briauetting, but the process of briquet- 
ting adds about $1 per ton to the cost of the fuel, which renders 
competition with cheap fuel in the shape of raw coal impossible. 
Two of the causes which lead to the production of unnecessarily large 
quantities of slack are the excessive use of powder and the practice 
of " shooting from the solid." These reduce the percentage of large- 
sized or marketable coal and naturally increase the cost of that por- 
tion of the product. 

Legislation prohibiting shooting from the solid, which would pro- 
vide penalties for excessive use of powder, would have as one result a 
larger percentage of lump coal ; and thus in a measure enable opera- 
ators to assume the additional expense involved in the briquetting 
of such slack coal as is unavoidably produced. 

This legislation is the province of the state governments, and it is 
not too much to hope that before long laws may be enacted against 
the accumulation oi slack heaps or their useless destruction by oum- 
ing, and this waste prohibited, as that of natural gas has been m some 
cases. 

The question of the waste in the combustion or utilization of coal 
does not come within the scope of this paper, but as the manufacture 
of coke is, in reality, a preparation of tne fuel for use, attention may 
properly be called to the enormous waste resulting from beehive oven 
practice (the method commonly employed in the United States). 

In what is known as the beehive oven (so called because of its simi- 
larity in shape to the conventional beehive) the coal is partially 
consumed, or, more properly speaking, the volitile combustible con- 
tents are consumed and all of the valuable constituents of the coal, 
except the fixed carbon, which is left behind as coke, are wasted. 
These wasted constituents consist of gas, tar, and ammonia. In 
what are known as by-product recovery ovens, however, the process 
is one of distillation and the by-products of tar and ammonia and 
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all of the gas, except that used for heating the ovens, are recovered 
and used. 

The United States is far behind Grermany and other foreign coun- 
tries in adopting the economies resulting from the coking of coal 
in by-product ovens. In Grermany at the present time little or no 
coke is made except in retort ovens. The first ovens of this type in 
the United States were built in 1893 at Syracuse, N. Y. Up to the 
close of 1907 the total nimiber of this type of ovens completed was 
3,892, while the number of beehive ovens in operation in that year 
was 94,746. The production from the retort ovens was 5,607,899 
short tons of coke and that from beehive ovens 35,171,665 tons. 

When the economies which may be effected by the use of the re- 
tort ovens have been so clearly demonstrated, not only by the plants 
which have been constructed in the United States, but more em- 
phatically through the much more extensive development of by- 
product coke manufacture in Europe, the condition m the United 
States, as shown by the statistics for the last four years, is somewhat 
difficult to understand. As previously stated, the production of coke 
in the by-product ovens of the United States in 1907 amounted to 
5,607,899 short tons. It was valued at $21,665,157. The total value 
of by-products obtained in the manufacture of this coke was $7,548,- 
071, this value and the quantity being distributed as follows: 

Value of by-products obtained in manufacture of coke in retort ovens in 1907, 





Quantity. 


Value. 


Oas thousand cubic feet. . 


20,616,731 
53,9W,796 
125,372,360 


13,130,830 


Tar gallons.. 


1,242,530 
8,174,708 


Ammonia, sulphate or reduced to equivalent In sulphate pounds. . 


Total 




7,548,071 









The gas included in the foregoinff statement is the "surplus" not 
consumed in the coking process and is either sold or used at manu- 
facturing establishments operated in connection with the coke-oven 
plant. In a few instances where the surplus gas is consumed by 
the producing companies the quantity is not measured, nor was 
any value placed upon it in the reports made to the United States 
Geological Survey. In such cases careful estimates have been made, 
based upon the average surplus gas obtained from similar coals 
used at ovens of the same type. The value, similarly estimated, has 
been placed at from 10 to 15 cents per thousand cubic feet. 

The coal consumed in retort ovens in 1907 amounted to 7,460,587 
short tons. The quantity of coal used in beehive ovens was 54,485,- 
522 short tons, from all of which the possible by-products are ap- 
parently wasted. Assuming that the coal consumed in beehive ovens 
was of the same average quality as that charged into the retort ovens 
and that the prices would be not less than 80 per cent of those ruling 
in 1907, the value of recoverable products which were thus ap- 
parently wasted last y- r amounted to $44,000,000, a sum equal to 
nearly 80 per cent of the total value of all the coal used in beehive 
ovens during the year. At the prices which prevailed in 1907 the 
value of the by-products wasted in beehive coke ovens was a little 
over $55,000,000. 

72539— S. Doc. 676. 60-2, toI 3 28 Digitized by GoOglc . 
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The value of the by-i)roducts from the retort ovens in 1907 was 
a little more than one-third the value of the coke produced in them. 

It should be remembered, however, that beehive ovens are located 
in the coal-mining regions and that the cost of the coal charged into 
them represents only a little more than that represented by the ex- 
pense of mining the coal, whereas in locating Iby-product recovery 
plants provision must be made for utilizing or marketing the by- 
product. It is for this reason that in mucm the larger number of 
cases the recovery plants are established near the larger cities and at 
considerable distances from the mining regions, and the expense of 
transportation is added to the mining cost of the coal. Hence it is 
that the value of the coal charged into by-product ovens in 1907 
was $16,874,430, or over $2 per ton, while that of the coal used in 
beehive ovens was $56,956,008, or $1.05 per ton. It must also be 
remembered that the original cost of installation for a by-product 
plant is from four to five times that of a beehive plant of equal capa- 
city. These disadvantages are in turn partly offset by the higher 
percentage vield of coke in the retort ovens and a lower delivery 
charge on tne coke produced. In the case of beehive coke, railroad 
transportation expense is borne by the coke, while in retort-oven prac- 
tice all, or nearly all, of the freight charge is borne by the coal.. 

The total value of the 5,607,899 tons of by-product coke produced 
in 1907 was $21,665,157, an average of $3.86 per ton. The value of 
the 35,171,665 tons of beehive coke made in 1907 was $89,873,969, or 
$2.56 per ton. If we consider that the difference in the value of the 
by-product coke and beehive coke was due only to the difference in 
freight charges, then the total value of the entire product of bee- 
hive coke made in 1907 would, if made in retort ovens close to the 
market, have been $135,750,000. On adding to this the value of the 
by-products that should have been recovered, amounting to $44,000,- 
000 at 80 per cent of the market price in 1907, the total value of the 
coke and oy -products would have amounted to nearly $180,000,000 
instead of the value of $89,873,969 for the beehive coke alone. The 
value of the coal charged into these ovens, however, would have 
been $108,879^870 instead of $56,956,008. Carrying the hypothesis 
further, the difference between the value of the coke and by-products 
if the coal had been coked in retort ovens and the value of the coke 
alone from the beehive ovens was, say, $90,000,000. From this should 
be deducted the difference between what the value of the coal would 
have been at retort ovens and what it was at beehive ovens, i. e., 
$52,000,000. The remainder ($38,000,000), less the difference in 
operating expenses, wear and tear, interest on capital, etc., may be con- 
sidered as approximately the actual net loss in value as the result of 
beehive coke production compared with by-product coke practice in 
1907. 

One of the reasons that has been given for the apparent lack of 
progress in retort-oven building in the last four years is the lack of 
profitable markets for the by-products of coal tar, and this has con- 
tributed to the backwardness of the United States in the development 
of the chemical industries depending upon coal tar as a raw material, 
and yet this country is importing coal-tar products to the value of 
several million dollars annually. It is also well known that the de- 
velopment of the coal-briquetting industry has been retarded because 
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of the lack of assurance of a satisfactory supply of suitable coal-tar 
pitch for binding material, and there is also an increasing demand for 
creosoting oils for the preservation of timber. 

COAL SUPPLY, PRODUCTION AND EXHAUSTION, BY STATES. 

Alabama. — As far as known the earliest record of the existence of 
coal in Alabama was made in 1834. The first statement of production 
is contained in the United States Census Report for 1840, in which 
year the production is given at 946 tons. In 1907 the production was 
14,250,454 tons, and the total production from 1840 to 1907 amoimted 
to 164,734,310 short tons, which represented an exhaustion, including 
the waste in mining, of 247,000,000 tons. The total coal-bearing 
area of the State is estimated at 14,430 square miles, and the 
original coal supplj is estimated to have been 68,903,000,000 short 
tons. The exhaustion to the close of 1907 represents a little over 0.3 
of 1 per cent, and the production in 1907 was a little over 0.02 of 1 
per cent of the estimated original supply. 

Arizona, — A small area of 30 square miles in Arizona is estimated 
to contain 60,000,000 tons of coal, from which there had been no 
production at the close of 1907. 

Arkansas. — 'As in Alabama, the first production of coal reported in 
Arkansas was in the census year 1840, when 220 short tons were 
reported as having been mined in that State. The industry in 
Arkansas did not develop rapidly during the early years, as the 
census of 1860 shows a production of only 200 tons, and that of 1880 
a total of 14,778 tons. During the last twenty years, however, there 
has been a marked increase in the production of coal in Arkansas, 
and the maximum output was reached in 1907, with a total of 2,670,- 
438 short tons. The total production to the close of 1907 amounted 
to 23,756,401 short tons, equivalent to an exhaustion of approximately 
36,000,000 tons. The estimated ori^nal supply of coal m Arkansas 
was 1,887,000,000 short tons, of which the exhaustion to date repre- 
sents practically 2 per cent. The production in 1907 was equivalent 
to 0.15 of 1 per cent of the estimated original supply. The total area 
in Arkansas which contains workable coal or which may contain 
workable coal or lignite is estimated to be 7,584 square miles. 

Calif omia, — The coal fields of California consist of scattered areas, 
of which, with few exceptions, comparatively little is known. The 
total workable area is estimated to be 500 square miles, and the 
original contents of the field 1,000,000,000 short tons. Mining in 
California had its beginning, according to the records of the state 
mining bureau, in 1861. The maximum production was reached in 
1880, since which time the production has been irregular and has 
shown a declining tendency, this being due in the last few years to the 
increased production of oil in the State and its use for fuel purposes. 
The total coal production to the close of 1907 was 5,030,945 short tons, 
equivalent to an exhaustion of approximately 7,000,000 tons, or 0.7 
per cent of the original supply. 

Colorado. — Colorado is one of the Western States which is rich in 
coal resources. The estimated total area of the coal fields is 17,130 
square miles, and the original contents of these fields are estimated 
to have been 371,770,000,000 short tons. Coal production began in 
Colorado in 1864, but it was not until 1882 that the output reached 
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as much as 1,000,000 short tons. Since that date there has been a 
steady increase in production, until in 1907 it amounted to 10,790,236 
short tons. The aggregate production to the close of 1907 was 112,- 
668,336 short tons, of which the equivalent exhaustion has been 169,- 
000,000 short tons, which represents a little over 0.06 of 1 i)er cent 
of the original supply. The production in 1907 was approximately 
0.004 of 1 per cent of the original contents of the fields. 

Georgia, — ^The coal fields of Georgia are limited to a small area 
in the northwestern part of the State, estimated to cover 167 square 
miles and to have contained, when mining began, 933,000,000 short 
tons. The census report for 1860 contains the first authentic state- 
ment of production in Georgia, and the output in that year is placed 
at 1,900 short tons. The production of the State in 1907 was 362,401 
tons, and the total production to the close of the year was 8,123,696 
short tons, representing an exhaustion of 12,000,000 tons. This would 
still leave in the ground a total of 921,000,000 tons, of which 
650,000,000 tons would probably be considered as the available sup- 
ply, and this, at the rate of production in 1907, would last approxi- 
mately 1,800 years. 

Idaho, — ^The areas in Idaho known to contain workable coal are 
placed at 200 square miles, while there are 1,200 square miles which 
are not known, but which may also contain workable coal. The esti- 
mated original contents of the coal fields of Idaho are placed at 
600,000,000 tons, from which to the close of 1907 less than 25,000 tons 
had been mined. 

Illinois. — Illinois is the second State in coal-producing importance. 
The area in Illinois known to contain coal is larger than that of any 
other State east of the Mississippi River, and if we consider only 
the known coal areas the coal fields of Illinois cover a wider area than 
those of any other coal-producing State. The coal-producing area of 
Illinois is estimated at 35,600 square miles, and the original contents 
of the fields are placed at 240,000,000,000 short tons. The earliest 
mention of coal in the United States is contained in the journal of 
Father Hennepin, a French missionary, who, as early as 1679, re- 
ported a " cole mine " on the Illinois River, near the present city of 
Ottawa. The earliest record of actual mining is that coal was pro- 
duced in Jackson County in 1810. In 1833 the production is reported 
to have been 6,000 short tons. In 1907 it was 51,317,146 short tons. 
The total production to the close of 1907 amounted to 645,868,309 
tons, representing an exhaustion of 968,000,000 short tons, from 
which it appears that the exhaustion to the close of 1907 has been 0.4 
of 1 per cent of the total estimated supply. The quantity of coal re- 
mainmg in the ground at the close of 1907 was 4,664 times the pro- 
duction of that year, or about 2,500 times the exhaustion represented 
by that production. 

Indiana, — The coal fields of Indiana lie entirelv in the south- 
western portion of the State. They are confined witnin an estimated 
area of 6,500 square miles, and contained, when mining first began, 
44,169,000,000 tons of coal. Coal mining in Indiana began sometime 
between 1830 and 1840, and the census of the latter year reported a 
production of 9,682 tons. In 1907 the production amounted to 
13,985,713 short tons, and the total production to the close of that 
year amounted to 159,440,390 short tons. The exhaustion to the close 
of 1907 had been 239,000,000 short tpns, or 0.54 of 1 per cent of Jthe 
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original supply. Upon these estimates the quantity of coal remain- 
ing in the ground in Indiana at the close of 1907 was about 3,000 
times the production of that year, and 2,000 times the exhaustion 
represented by that production. 

lovHi. — The coal fields of Iowa are estimated to contain workable 
coal aggregating 12,560 square miles. To this may be added 5,640 
square miles of possible workable coal areas. The original contents of 
the fields are estimated to have been 29,160,000,000 short tons. Yvom 
this there has been produced from 1840, when mining first be^an, to 
the close of 1907, a total of 141,608,792 short tons, representing an 
exhaustion of 212,000,000 short tons. The quantity of coal still 
available at the close of 1907 was 28,948,000,000 short tons. At the 
rate of production in 1907, in estimating half a ton lost for every ton 
mined, this supply would last 2,550 years. 

Kansas, — ^The areas in Kansas known to contain workable coal are 
placed at 8,100 square miles, although in addition to this there 
are 15,780 square miles which may contain workable coal. The 
estimated supply, when mining first began, is placed at 7,022,000,000 
short tons, t rom this there has been produced from 1869 (the year 
of earliest production) to the close of 1907 a total of 91,176,204 short 
tons. This represents an exhaustion, including loss in mining, of 
about 186,000,000 short tons, from which it would appear that about 
1.9 per cent of the original supply has been exhaustea. The produc- 
tion in 1907 was 7,322,449 short tons, equivalent to an exhaustion of 
10,000,000 short tons, which would indicate, at the rate of production 
in 1907, that the known coal supply of Kansas would last approxi-. 
matcly 700 years. 

Kentucky, — Kentucky is the only one of the coal-producing States 
which has within its borders areas belonging to two of the great 
coal fields. The eastern counties of the State are underlain by the 
coal beds of the great Appalachian system, while the southern limits 
of the central or eastern interior field are found in the more northern 
counties of the western part of the State. The eastern areas contain 
10,270 square miles, the contents of which, when mining began, are 
estimated at 67,787,000,000 short tons. The western areas contain 
6,400 square miles, the original contents of which are placed at 
36,240,000,000 short tons. The total estimated original supply of the 
State was therefore 104,027,000,000 short tons. Mining began early 
in the second quarter of the nineteenth century, and it is estimated 
that from 1829 to 1835 the production ranged from 2,000 to 6,000 
tons a year. The production in 1907 was 10,753,124 short tons, and 
the total production to the close of the year was 122,404,574 short 
tons, which represents an exhaustion of 184,000,000 short tons, or 0.18 
of 1 per cent of the original supply. The quantity of coal lert in the 
ground at the close of 1907 would then be 103,844,000,000 tons, of 
which approximately 67,000,000,000 diort tons would he considered 
available, or, in other words, the supply at the close of 1907 was 6,700 
times the production in that year. 

Ma'iyland, — The coal fields of Maryland are confined to a limited 
area in Allegany and Garrett counties in the western part of the 
State. This area has an extent of 455 square miles and the original 
supply is estimated to have been 8,044,000,000 short tons. Mining 
began early in the nineteenth century, and shipments were made 
down the I*otomac River in 1830. The first shipments4>y railroad 
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were made in 1842, in which year 1,708 tons were shipped over the 
newly built Baltimore and Ohio Railroad. In 1907 the production 
amounted to 5,532,628 short tons, and the total production to the 
close of that year aggregated 147,606,548 short tons, equivalent to 
an exhaustion, including waste, of 221,000,000 tons, or not quite 3 
per cent of the original supply. The supply still remaining at the 
close of 1907 was 7,823,000^000 short tons, 1,422 times the production 
and 948 times the exhaustion represented by the production of that 
year. 

Michigan. — ^The coal fields of Michigan are the only ones within 
the drainage basin of the Great Lakes. They occupy an area of 
approximately 11,000 square miles and are estimated to have con- 
tained when mining first began a total of 12,000,000,000 short tons of 
coal. Although coal mining has been carried on in Michigan for 
about seventy years, it is only a little more than a decade since it 
became of any importance as an industry, the production exceeding a 
million tons a year for the first time in 1901. The total production 
to the close oi 1907 was 13,842,943 short tons, which, including 
waste, represents an exhaustion of 21,000,000 short tons, or 0.175 of 
1 per cent of the total original supply. The production of Michipui 
in 1907 was 2,035,858 short tons. The supply remaining at the close 
of that year was, according to the best estimates, 11,979,000,000 short 
tons, of which 7,986,000,000 tons would be considered as available. 
This is equivalent to 3,900 times the production of 1907. 

Missouri, — ^The original coal supply of Missouri is estimated to 
have been 40,000,000,000 short tons, included within an area of 23,000 
square miles. The production of the State to the close of 1907 had 
amounted to 97,618,106 short tons, representing an exhaustion of 
approximately 146,000,000 tons, or 0.36 of 1 per cent of the original 
supply. The production in 1907 was 3,997,936 short tons, which is 
equivalent to an exhaustion of approximately 6,000,000 tons. The 
supply remaining at the close of 1907 is about 6,500 times the ex- 
haustion created by the production in that year. 

Montana. — Montana's scattered coal fields, known to contain work- 
able coals, aggregate 34.067 square miles, while the areas which may 
contain workable coal, but which are not well known, amount to 
17,575 squai-e miles. The original contents of these coal fields are 
estimated to have been 303,060,000,000 short tons, from which there 
have lieen mined to the close of 1907 approximately 24,740,000 tons, 
representing an exhaustion of 37,000,000 tons, or 0.012 of 1 per cent 
of the original supply. The production in 1907 of a little over 
2,000,000 tons is equivalent to an exhaustion of about 3,000,000 tons, 
and the coal left in the ground was 100,000 times that exhausted. 

New Mexico. — The coal fields of New Mexico aggregate a total 
area of ,18,335 square miles, and the original supply Is estimated to 
have been 163,780,000,000 short tons, from which there had been 
produced to the close of 1907 a total of 22,325,432 short tons, repre- 
senting an exhaustion of 33,000,000 tons, or 0.02 of 1 per cent of the 
original supply. The production in 1907 (2,628,959 short tons) is 
equal to nearly 12 per cent of the entire production of the coal to 
the close of that year, while the coal left in the ground is nearly 
65,000 times the production in 1907, and over 40,000 times the ex- 
haustion represented by that production. 
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North Carolina, — Two small areas of Triassic age contain all the 
coal known to exist in North Carolina. The total area is about 60 
square miles, and the original contents of the field are estimated at 
200,000,000 short tons. These areas have never been worked to any 
large extent, and the total production to the close of 1907 was less 
than half a million tons. 

North Dakota. — ^Although the coal fields of North Dakota are of 
wide extent, the coal itself is all of lignitic character and of little 
commercial value at the present time. The total areas supposed to 
contain workable lignite are placed at 35,500 square miles and the 
original contents have been estimated at 600,000,000,000 short tons. 
The production, particularly considering the large supply, has been 
very small, the total exhaustion to the close of 1907 havmg amounted 
to onlj 4,000,000 tons. 

0A«>.— Compared with the supply of coal originallv contained 
within the coal fields of Ohio, the rate of exhaustion has been ^ater 
than that of any other State in the Appalachian system, with the 
exception of Maryland. The estimatea original supply contained 
within an area of 12,660 square miles was 86,028,000,000 short tons. 
The first record we have of tlie production in the State is in the year 
1838, when 119,952 short tons of coal were mined. Ohio's output was 
at that time exceeded only by the production of Pennsylvania anthra- 
cite and bituminous coal from the Richmond basin. From 1845 to 
1875 Ohio ranked second amon^ the coal-producing States. In 1876 
it was surpassed by Illinois, and since 1896, when it was surpassed by 
West Virginia, it has ranked fourth among the coal-producing States. 
In 1907 Ohio contributed 32,142,419 short tons of coal to flie total 
product of that year. The total output of Ohio mines from 1838 to 
the close of 1907, a period of seventy years, has amounted to 492,769,- 
358. short tons, representing an e^austion of 739,000,000 tons, or 
somethinff less than 0.9 of 1 per cent of the estimated original supply. 
The production of 1907, which was a little less than 7 per cent of the 
production to the close of that year, was equivalent to an exhaustion 
of about 48,000,000 tons. Deducting from the original supply the 
exhaustion at the close of 1907, there would still be available on 
January 1, 1908, 85,980,000,000 tons, or nearly 2,000 times the pro- 
duction in 1907. 

Oklahoma. — ^All of the coal in Oklahoma is contained in that por- 
tion of the State which was formerly known as the Creek, Cherokee, 
and Choctaw nations of Indian Territory. The total area underlain 
by workable coal is estimated to be about 10,000 square miles, and the 
original contents are estimated to have been 79,278,000^000 tons. 
Mining did not begin in Indian Territory until comparatively late, 
the firib production reported having been m 1880, when 120,947 short 
tons were produced. The industry has progressed rapidly, however, 
and the production in 1907 amounted to 3,642,658 short tons. The 
total production to the close of 1907 was 39,845,015 short tons, repre- 
senting an exhaustion of approximately 60,000,000 tons. The quan- 
tity of coal left in the ground in Oklahoma at the close of 1907 was 
13,000 times the exhaustion represented by the production in that 
year. 

Oregon. — ^As far as known the earliest record of coal production 
in Oregon was in 1880, when the output amounted to 43,205 short 
tons. In 1907 Oregon's production was 70,981 short tons, and the 
aggregate production from 1880 to the close of 1907 was 1,790,392 
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tons, which represents an exhaustion of 2,700,000 tons. The total 
area in the State containing workable coals is estimated at 230 square 
miles and the original supply at 1,000,000,000 short tons. 

Pennsylvania. — ^The supplies of anthracite coal in Pennsylvania 
are discussed in another portion of this paper. The bituminous areas 
in the western portion of the State are estimated to have an extent 
of 14,200 square miles and to have contained, when mining first be- 
gauj 112,574^000,000 short tons. The development of the Pennsyl- 
vania bituminous coal fields did not begin until about twenty years 
after anthracite mining was established as an industry, the first pro- 
duction having been reported in the census year 1840, when 464,826 
short tons were mined. Up to 1897 the production of anthracite 
coal in Pennsylvania exceeded that of bituminous, but in 1898 the 
bituminous production took the lead and has continued to lead 
since that date. In 1907 the production of bituminous cc«l ex- 
ceeded that of anthracite by nearly 80 per cent, and as indicative 
of the extent to which the bituminous coal-mininff industry of Penn- 
sylvania has grown it may be stated that the production in 1907 was 
nearly three times that of 1897, only ten years before. The total 
production of bituminous coal in Pennsylvania to the close of 1907 
was 1,846,069,253 short tons, which was equivalent to an exhaustion 
of 2,760,000,000 tons, or 2.5 per cent of the original supply. The 
exhaustion represented by the production in 1907 was 225,000,000 
tons. The supply remaining at the close of 1907 was 109,804,000,000 
tons, or 492 tunes the exhaustion represented by the production of 
that year. 

South Dakota. — ^The northwest comer of South Dakota contains 
the southern extension of the North Dakota lignite beds, and it is 
estimated that about 6,000 square miles of this territory may contain 
workable lignites. The contents are estimated at 10,000,000,000 short 
tons, and these are practically untouched. 

Tennessee. — The coal fields of Tennessee are contained in a narrow 
strip in the eastern counties of the State, where the Appalachian 

Erovince crosses the State in a northeast-southwest direction. Mining 
Bgan sometime between 1830 and 1840, and the census for the latter 
year reported a production of 558 tons. Coal mining did not, how- 
ever, develop into an important industry in Tennessee until after the 
close of the civil war, and it was not until 1883 that the production 
reached as much as 1,000,000 tons annually. Since that time it has 
increased with notable regularity, until in 1907 the production 
amounted to 6,810,243 short tons. The total area of bituminous coal 
in the State is estimated at 4,400 square miles, and the total original 
supply at 25,665,000,000 tons. The total production to the close of 
1907 amounted to 84,304,601 short tons, representing an exhaustion 
of approximately 126,000.000 tons, or about 0.5 of 1 per cent of the 
original supply. The exnaustion represented by the production in 
1907 was approximately 10,200,000 tons, and the supply left in the 
ground at the close of the year was equal to 2,500 times this ex- 
haustion. 

Texas. — ^The known bituminous coal fields of Texas are estimated 
to contain 8,200 square miles, and the exploited lignite fields 2,000 
square miles. In addition to this there are 5,300 square miles which 
may contain workable bituminous coal and 53,000 square miles which 
may contain workable li^ite. The estimated contents of the bitumi- 
nous coal fields when mining first began in Texas were 8,000,000,000 
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sliort tons, and of the lignite fields 23,000,000,000 short tons. The 
exploitation of both the lignite and the bituminous areas is of com- 
paratively recent date, no production having been reported from 
Texas prior to 1884, and it was not until 1901 tnat the output reached 
as much as 1,000,000 tons. The production to the close of 1907 was 
14,444,948 short tons, representing an exhaustion of 22,000,000 tons, 
or 0.07 of 1 per cent of the original supply. 

Utah, — Utah's coal fields are contained in scattered areas aggregat- 
ing 16,130 square miles. The quality of the coals ranges from sub- 
bituminous to antRracite. The estimated original supply was 
196,468,000,000 short tons, from which the exhaustion, including 
waste, at the close of 1907, was 28,000,000 short tons, indicating that 
there were still remaining in the ground 196,430,000,000 tons, or a 
little more than 100,000 times the production of 1907. 

Virginia. — The Richmond basin in Virginia, where coal mining in 
the United States was first carried on, contains 160 square miles. An- 
other small area in Montgomery County contains 200 square miles 
of coal-productive territory, but the principal regions are in the 
southwestern corner of the State, which is crossed by the Apj)alachian 
system. The portion of the Appalachian coal field in Virginia is esti- 
mate to be 1,660 square miles. The original supply hasoeen placed 
at 22,600,000,000 short tons. From this there nad been produced 
at the close of 1907 a total of 67,229,162 short tons, representing an 
exhaustion of 86,000,000 tons. The production in 1907 was 4,710,896 
short tons, equivalent to an exhaustion of a little over 7,000,000 tons, 
so that the coal left in the ground in Virginia at the close of 1907 
was 2,000 times the exhaustion represented by the production of that 
year. 

Washington. — ^Washington's coal supply is contained within a 
number of areas that are scattered over the State and aggregate 
approximately 1,100 square miles. The estimated original supply 
was 20,000,000,000 short tons, and while mining began there as early 
as 1860, the total production to the close of 1907 was only 43,108,697 
short tons, of which nearly 60 per cent was produced within the last 
seven years. The exhaustion represented by the production to the 
close of 1907 was 64,000,000 short tons, which is equivalent to about 
one-third of 1 per cent of the original supply. The quantity of coal 
still in the ground at the close of 1907 was estimated to be 19,936,- 
000,000 short tons, equivalent to 6,400 times the production of 1907 
and 3,600 times the exhaustion made by that output. 

West Virginia. — ^The total area containing workable coal in Vir- 

E* ' I is 17,000 square miles, and the original supply when mining first 
n was 231,039,000,000 tons. West Virginia was not admitted as 
ite until 1863, in which year the production amounted to 444,648 
short tons. - The quantity of coal mined prior to that time, in the por- 
tion of Virginia which afterwards became West Virginia, was not 
sufficient to materially affect the total output. For a number of years 
West Virginia has been third among the coal-producing States, and 
in 1907 the production amounted to a little over 48,000,000 tons. The 
aggregate production to the close of 1907 was 434,198,639 short tons, 
equivalent to an exhaustion of 650,000,000 tons. At the beginning of 
1908 there still remained available in the coal fields of West Virginia 
230,389,000,000 short tons, nearly 4,800 times the production in 1907, 
or 3,200 times the exhaustion represented by the 1907 oi 
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Wyoming. — The estimated original coal supply of Wyoming is 
larger than that credited to any other coal-producmg State, with the 
exception of North Dakota. In the latter State, however, the entire 
supply is lignite, while in Wyoming the coals are of subbitimiinous 
or of bituminous character. The total area which may contain 
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workable coals has been estimated at 50,793 square miles, and the con- 
tents of this field, when mining first began, at 424,085,000,000 short 
tons. In comparison the aggregate production at the close of 1907, 
which was 77,818,765 short tons, appears insignificant. The total 
exhaustion of the beds to the close of 1907 amounted to 116,000,000 
short tons, or 0.027 of 1 per cent of the total estimated supply. 
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ESTIMATES OF FUTURE COAL PRODUCTION. 



By Hknby Gannett, 
United States Geological Survey. 



The Geological Survey estimates the amount of coal remaining in 
the ground to be 3,147,043,000,000 tons, of which about two-thirds is 
easily obtainable, the other third being of indifferent or poor quality 
and difficult of mining. 

In nearly a century of mining about one-third of 1 per cent of the 
supply has been taken out of the ground. The production during 
the year 1907, which was more than 480,000,000 tons, was much 
larger than in any previous year. \ 

The Geological Survey also estimates that in mining practice 
about 1 ton of coal is lost for every 2 tons won, either by leaving it 
in the ground or in breaking and transporting. 

In order to reach even an approximate idea of the length of time 
that this coal supply will last, it is necessary in the first place to esti- 
mate the probable annual production in the future. That it will in- 
crease bevond the present maximum goes without saying, but at what 
rates and for how long a period will the increase continue are ques- 
tions whose solution can only be guessed. Unfortunately we have 
very few data upon which to build. The rate of yearly increase of 
production is very irregular, so irregular that no conclusions can be 
drawn from it. It is impossible to construct from it a smooth curve 
which might be projected into the future. Even if ten-year averages 
be taken, and the rate of progress be thus obtained per decade, the 
result is very unsatisfactory, for the reason that one of the decades 
may consist mainly of a period of pro^erity while the preceding and 
succeeding decades may contain periods of business depression. It is 
necessary, therefore, in order to obtain rates of increase which are 
fairly comparable with one another that we take the rate of produc- 
tion for periods sufficiently long to include a period of prosperity 
with one of business depression, i. e., twenty years. This has been 
done with the following results, expressed in terms of millions of 
tons, each the production of twenty years, with percentages of 
increase : 



Production of coal and rate of increase, hy twenty-year periods, 1828 


to 1907. 


Years. 


Produo- 

tlOD. 


Percent 

of 
increase. 


182»-1847 


Mmiont 

of tons. 

37.3 

306.0 

1,451.0 

6,068.0 




1848-1867 


790 


1868-1887 


374 


1888-IW7 . . 


249 
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We have here three rates of increase and they show a very rapid 
decrease. It would, of course, be folly to assume that the latest rate 
of increase, 249 per cent, is to continue indefinitely or even at all.. 
There is every indication that the next twenty years will show a great 
diminution ; indeed, at the present rate of increase of production, all 
the coal would be exhausted before the end of the present century. 

The normal curve formed by rates of increase is a hyperbola — that 
is, if population or production, etc., is not interfered with by extra- 
neous influences, it tends to increase in a constantly diminishing ratio, 
but never ceases to increase, and the successive rates of increase when 
plotted to scale form a hyperbolic curve. The equation of this curve, 
referred to its asymptotes, is (x — a) (y — b)=c. We have three 
points on this curve, i. e.: 

x=l y=720 

x=2 y=:]74 

x=3 y=249 

X being periods of time, in this case twenty -year intervals, and y 
being ttie corresponding per cents of increase. 

Using these values in the above equation, we obtain for the con- 
stants: 

a= 13 

b= 17 

c=833 

Substituting these values of the constants in the ecjuation, and giv- 
ing X successively values of 4, 5, 6, etc., the following values for y, 
the per cents of increase, are obtained, as shown below, with the re- 
sulting amount of coal production in each successive twenty-year 
period: 

Estimated production of coal and rate of increase, hy twenty-year periods, 

1908-2067. 



Yeara. 



19(»-1927. 
1928-1947. 
1948-1967. 
1968-1987. 
1988-2007. 
2008-2027. 
2028-2047. 
2048-2067. 



Percent 




of 


ProducUon. 


increase. 






limioTu<^ 




tOfU. 


185 


21,375 


145 


62,360 


119 


114,688 


100 


229,376 


86 


424,346 


74 


738,362 


65 


1,218,297 


58 


1,924,909 



The production for the double decade 2048-2067 is estimated at 
the enormous rate of 274 tons (including waste) for every man, 
woman, and child in the country, or, excluding waste, 183 tons per 
capita. 

As is seen above, the easily accessible coal may be exhausted about 
the year 2040, and all coal about the middle of that century; i. e., 
ten years later. 

It must not be supposed, however, that this programme will be 
carried out. In the first place, the data upon which this curve has 
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been constructed are very few, and the curve is correspondingly 
weak. They are, however, all that we possess and the foregoing is 
probably the best way to use them. 

In the future, powerful extraneous influences will come to bear 
on coal production, and all, as far as can be foreseen, except pos- 
sible exports, are in favor of lengthening the life of the supply. 

As soon as the end appears in sight the price will rise ana pro- 
duction diminish, and that progressively. This interference with 
the law of decreasing increase, produced by growing scarcity, will of 
course prolong the life of our coal reserves, but at the same time will 
greatly hamper our industries dependent on this fuel. 

A^in, the development of water power will prove another dis- 
turbing factor which will prolong the life of our coal supply. To a 
great extent, city heating and lighting and power for manufacturing, 
and transportation will in the near future be furnished by water 
power. It is estimated that in round numbers 30,000,000 horsepower 
are going to waste in our streams to-day, most of which can and will 
be utilized, replacing coal. If all the latent water power in the 
country were narnessed within the next twenty years, it would 
probably prolong the life of the coal supply by about eighty vears. 

Furthermore, the economies to be introduced in mining and hand- 
ling coal will result in saving a large part of the present waste. If 
the production and transportation were relieved of all waste within 
the next twenty years, the coal supply would last twenty years longer. 
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THE PETROLEUM RESOURCES OF THE UNITED STATES. 



By David T. Day, 
United States Geological Survey. 



EXTENT OF THE FETBOLETTM FIELDS. 

This report deals with the petroleum fields of the United States 
as known at present; that is, it is limited to the petroleum pools 
actually developed, or what is known as " proved territory." 

LOCATION. 

The areas where petroleum is known to occur at present are shown 
on the accompanying map of the United States. 

Apvaldchian. — Petroleum is unknown and improbable east of the 
AUegneny Mountains. Parallel with their western flank the Appala- 
chian belt extends from western New York to Tennessee. It crosses 
western Pennsylvania, and there petroleum was first found in large 
quantity. The supply in Pennsylvania is rapidly becoming ex- 
hausted. It has declined to one-third of its highest rate of produc- 
tion. This high-production mark was only seventeen years ago. The 
Appalachian field continues across West Virginia and includes the 
eastern edge of Ohio. Farther south moderate supplies have long 
been known, and they are still being developed in Kentucky and Ten- 
nessee. 

" Petroleum " in this report means crude petroleum, as it comes 
from the earth ; that is, before it has been refined. The word " oil " 
refers to products obtained from petroleum. 

The petroleum of this field (known generally as Pennsylvania 
petroleum) differs essentially from that of the "other fields in the 
United States. It is notablv different from any other petroleum 
thus far found in the world. It is most easily converted into 
lamp oil, and yields the greatest percentage of this product. The 
lamp oil is the finest yet produced — in fact, much better than any 
other except the products from western Ohio and Indiana, and the 
petroleum from this latter field costs more to refine. 

Farther south, in Kentucky and Tennessee, the product is pro- 
gressively poorer, but is much better than Russian or any other of 
the foreign products with which it comes in competition. 

Lima- Indian a, — ^The second great field in historical development 
covers a considerable portion of northwestern Ohio and eastern In- 
diana, and small isolated pools of petroleum of the same general 
character are found elsewhere in Indiana. This petroleum is more 
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uniform than the Pennsylvania varieties. It contains, quite 
uniformly, less gasoline and less lamp oils, and the presence of 
organic sulphur compounds results in an average of one-half of 1 
per cent of sulphur, which can be removed only by ingenious and 
comparativelv costly refining processes. 

lUinois. — In Illinois, near the eastern edge, a strip of territory 
some 30 miles long and of irregular width, averaging about 6 miles, 
is yielding a comparatively enormous quantity or petroleum. It is 
freer from sulphur than the Lima-Indiana variety, and occasionally 
contains sufficient asphalt to ally it to the petroleimi from the next 
field to the west, the Mid-Continent field. 

Mid-Continent. — This comprises the pools in Kansas and Okla- 
homa, and must eventually include, for statistical purposes, the 
fiools in northwestern Louisiana and northern Texas. The yield 
rom this, field within the last two years has been so large as to greatly 
disturb the industry, on account of the difficulty of providing suffi- 
cient refining and transportation facilities. This petroleum differs 
from Pennsylvania petroleum in frequently containing small amounts 
of asphalt, and also in containing hydrocarbons less stable in their 
action toward the chemicals used in refining them. Nevertheless, it 
has proved possible to obtain good yields of perfectly satisfactory 
products covering the entire range from gasoline to paraffin wax. 
Some^ of the petroleum of this field contains sufficient water and 
other foreign materials to complicate the matter of ^ving it a just 
valuation, and also to add to the difficulty of the refining processes. 

In the Mid-Continent field the Glenn pool, located a few miles 
south of Tulsa, Okla., is a good illustration of the uncertainties of 

f)etroleum production. A well drilled in 1905 happened to be 
ocated a few feet within the limits of this pool. Had it been located 
slightly farther to the east the field would not then have been dis- 
covered, but the very considerable flow from this well caused more 
than usual excitement, and nearly all of the wells drilled to the west 
proved good producers. The wells produced 1,000,000 barrels from 
1,000 acres of ground within the year 1906. Well drilling was 
so rapid, in fact, that the pool reached its maximum production 
thirteen months after the discovery of the first well, and from 
that time the production declined almost as rapidly as it had in- 
creased, until the decline was arrested by cleaning out the wells, and 
afterward, also, shooting them with nitroglycerme. The transpor- 
tation companies could not keep up with such rapid development, 
and perhaps 1,000,000 barrels of petroleum was wasted on the 
ground within two years. 

Gulf, — For many years the escape of petroleum and natural gas 
to the surface has been noted at many pomts in Texas and in south- 
ern Louisiana. This led to the drilling, in 1901, of a well at Spindle 
Top, near Beaumont, Tex., from which probably more than 500,000 
barrels of petroleum flowed before the well could be checked. The 
field was soon extended to Jennings and Welsh, and eventually to 
Anse la Butte, in Louisiana. Other wells were rapidly drilled, re- 
sulting in a large addition to the petroleum product of the United 
States. This petroleum contains a large percentage of asphaltum 
and relatively small amounts of gasoline and lamp oils, and therefore 
offers little temptation to the refiner. It is also handicapped by the 
presence of sulphur in many forms. For some years it was dis- 
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posed of principally to the railroads and burned as fuel on locomo- 
tives, and thus caused considerable industrial development in Texas, 
because it was necessary to sell the petroleum at pnces as low as 10 
cents per barrel in order to find a market for the product. After per- 
sistent endeavor it has become possible to refine this petroleum 
successfully, and some of the products have peculiar value. The 
lubricating oils find considerable favor and the gasoline has special 
value as a solvent. 

Calif omia, — Petroleum, principally asphaltic and similar to the 
Texas petroleum, except that it is sometimes free from sulphur, is 
found m many areas in California, between Los Angeles and San 
Francisco, the principal fields being Los Angeles City, Puente Hills, 
Kern Kiver, Sunset, McKittrick, Santa Maria, Coalinga, and Fuller- 
ton. The lack of an adequate supply of fuel in California has led to 
very great development of the petroleum industry for this purpose, 
as shown in the production taoles below, and investigations have 
shown that the quantity of petroleum existing in California is greater 
than in any other known field in the United States. 

Smaller fields, — The great fields described above are those which 
control the industnr. West of the Mid-Continent field and east 
of the California field are several smaller ones (as thus far de- 
veloped) in Colorado and Wyoming, with promises of fields in 
New Mexico, Utah, Idaho, Montana, Oregon, and Washington. In 
Alaska at least two petroleum pools have been discovered which may 
possibly be capable of considerable output when the market conditions 
oecome favorable. 

There are many regions in the United States where there is no 
geological improbabality of finding petroleum. Such geological 
improbability exists where the rocks are greatly disturbed and broken 
up to such a depth as to prevent probable drilling to the undisturbed 
sedimentary rocks which could furnish good storage for petroleum. 

AREAS. 

In each petroleum field it has become necessary for the pipe-line 
companies and for the producers themselves to locate on detailed 
maps every well as it is drilled, distinguishing the productive from 
dry wells, in order that the limitations of each field may be promptly 
determined. From these maps, principally, with the aid of many in- 
dependent data collected by himself, Dr. F. H. Oliphant has compiled 
a map of the petroleum fields in the United States, which is appended 
to this report. From measurements of the areas on this map, to- 
gether with revisions from the map recently published by Dr. I. C. 
White, state geologist of West Virginia, and with the aid of Dr. H. 
Foster Bain, director of the Geological Survey of Illinois; Ralph 
Arnold, in charge of the petroleum investigations in California tor 
the United States Geological Survey; A. C. Veatch, for Wyoming; 
Dr. J. A. Bownocker, state geologist of Ohio; and with additional 
data from Doctor Oliphant, the following table has been compiled, 
giving in square miles the area of petroleum territory in each State. 
The figures here giv^i are merely general approximations, which lack 
very much in imiformity. In some States the area shows simply 
actual "proved territory." In others, as in Alabama, it indicates 
the region in which the future production of petroleum is prob- 
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able. In many others considerable territory is included between in- 
dividual pools which in all probability will prove to be barren, and 
while the extensions of " proved territory " will, to a certain extent, 
offset that which proves eventually to be barren, the table is, at best, 
a rough approximation. It takes no account whatever of the fact 
that other nelds now altogether unknown will be developed in the 
future. 



state. 


Square 
miles. 


State. 


Square 


State. 


Sqnare 
miles. 


Ahiska 


100 

60 

850 

200 

10 

200 

1,000 

200 

400 


Tx>ui.siana 


60 
80 
30 
80 
300 

115 
535 
400 


Pennsylvania 


2,000 
80 


Alabaiua 


Michigan 


Tennessee 


California 


Miasouri 


Texas 


400 


Colorado 


New Mexico 


Utah 


40 


I<li^o 


New York 


West Virginia 


670 


Illinois 


Ohio: 


Wyoming. 


750 


Indiana 


Total 




KanffAS 


Western 


8,450 


Kentucky 


Oklahoma 











THICKNESS. 

The thickness of the " pay sands ^ in these fields varies within wide 
limits. In West Virginia Doctor White considers 5 feet of " pay 
sand '^ to be a safe estimate in good producing territory. This is 
sufficiently liberal for Pennsylvania also. In other fields much thicker 
" pay sands " are recognized. In Illinois the " pay " streaks in the 
petroleum sands vary from 2 feet to over 30 feet in thickness, and at 
Spindle Top, in Texas, an average thickness of over 75 feet has been 
calculated. In California, particularly in the Kern River field, the 
" pay sands " reach a thickness of over 100 feet* 

POROSITY. 

The rocks composing the " pay " streaks in the petroleum-bearing 
formations of the United States vary from sandstones and dolomites, 
with the compactness of ordinary buildine: stone, to unconsolidated 
sands and coarse gravel, and, in exceptional cases, honeycombed lime- 
stones, in which actual cavities of considerable size have to be 
reckoned with. It has been customary to consider 10 per cent as near 
the average porosity of the " pay sands," with a latitude of variation 
from practically nothing in damp shales to over 30 per cent in the 
most porous strata. 

The principal effect of these variations in porosity is rather upon 
the rate at which the petroleum can be obtained from the pool thaji 
upon the total amount obtainable. 

FBOBABLE SUPPLY OF PETBOLEUM. 



CAPAcrrr or sands. 



Assuming 10 per cent as the average porositjr of " pay sands," 1 
cubic foot of " pay sand " would yield approximately 1 gallon of 
petroleum, or 5,000 barrels per acre of " pay sands " with an average 
thickness of 5 feet. 



ESTIMATES OF YIELD. 



The thickness most frequently reported for the " pay sands " of 
vwrious fields is normally much m excess of 5 feet. In Pennsylvania, 
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the reported thickness of petroleum-bearing strata will average more 
than this, and frequently more than one stratum has been noted in 
tiie same well, and yet, as will be shown in the tables of productioa 
below, the average yield per acre in Pennsylvania has been less 
than 800 barrels, and at the present rate of decline it is not probable 
that more than 800 barrels per acre will be obtained on the average 
in New York and Pennsylvania. It is fair to assume that 1,000 
barrels per acre is a suflScient allowance for New York, Pennsyl- 
vania, West Virginia^ Kentucky, Tennessee, Ohio, and Indiana. In 
Illinois, where me yields have been imusually great on account of 
"pay" streaks approximating 25 feet on the average. Doctor Bain 
estimates 8,000 barrels per acre as the result of conferences with 
the producers. This is taking into consideration the fact that in 
the northern portions of the field the yield is frequently not greater 
than 2,500 barrels per acre. In the Texas field the supply is better 
calculated by consideration of the amount already yielded and the 
rate of decline, from which it is estimated that the Texas fields will 
surely yield 200,000,000 barrels, and Louisiana 50,000,000 barrels. In 
Oklahoma the remaining productive cai)acity is estimated by Mr. 
W. J. Reed, of the United States Geological Survey, at a minimum 
of 282,875,000 barrels. In the remaining fields, outside of California, 
1,000 barrels per acre is believed to be a sufficient allowance for the 
known fields. 

In California very careful measurements by Mr. Arnold have 
resulted in an estimate of 8,500,000,000 barrels of petroleum stored 
in the rocks of that State, of which perhaps 5,000,000,000 barrels 
may be expected to be produced. Recognizing that the amount of 
oil obtainable from these known fields is a matter largely of conjec- 
ture, it can only be based as above, upon what the fields have already 
yielded, and upon the thickness and relative porosity of the sands, 
but estimates of different authorities must vary between wide limits, 
and this should be borne in mind in considering the following table. 

Estimated minimum and maximum total yield of the petroleum fields of the 

United States, 



Minimum. 



Appalachian field. 
Lfma-Indiana f 



I field.. 

nilnols field 

Mld-Contlnent field. 

Gulf field 

California field 

Minor fields 



2,000,000,000 

1,000,000,000 

350,000,000 

400,000,000 

250,000,000 

5,000,000,000 

1,000,000,000 



Total I 10,000,000,000 



Maximum. 



5,000,000,000 
3,000,000,000 
1,000,000,000 
1,000,000,000 
1,000,000,000 
8,500,000,000 
5,000,000,000 



24,500,000,000 



PBODUCTION OF PETBOLEUM. 
BEGINNING OF THE INDUSTRY. 

Production of petroleum in the United States has been considered 
statistically only since 1859. The production to that date inci- 
dental to the salt industry, and the occasional use of petroleum from 
springs for medicinal purposes, had no bearing on the industry which 
was to follow, except in one way. Samuel Kier, of Pittsburg, nad salt 
wells at Tarentum, from which he accumulated so much petroleum 
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(more than 50 barrels) that he applied himself to the problem of 
developing a definite trade for- it, and succeeded by means of intro- 
ducing a lamp with a chimney. He also partly refined this petroleum. 
A. C. Ferris, also of Pittsburg, applying himself in the same direc- 
tion, began the distribution of this oil to other cities, and the efforts of 
these two merchants created and maintained a demand which caused 
Colonel Drake to drill a well for petroleum at Titusville in 1859. In 
the course of the half century since the drilling of the Drake weU 
1,806,608,463 barrels of petroleum, or 240,919,676 tons, have been pro- 
duced, worth $1,654,877,685. Details of this production are shown in 
the following table: 

Production of crude petroleum in the United States, 1859-1907, hy years and hy 
States, in barrels of 42 gallons. 



Yew. 


PeniMTl- 
New York. 


Ohio. 


W«0t 

Virgiiila. 


Callfomia. 


Kentucky 

and 
Tennessee. 


Cirforado. 


Indiana. 


Illinois. 


I860 


2,000 
500,000 

2,113,609 
8,066,600 
2,611,809 
2,116,109 
2,497,700 

3,697,700 
3,347,300 
3,646,117 
4,216,000 
5,260,746 

5,205,234 
6,293.104 
9,893,786 
10,926,945 
8,787,614 

8,968,906 
13,136.475 
15,163,462 
19,685,176 
26,027,681 

27,376,509 
30,063,600 
23,128,389 
23,772,209 
20,776,041 

25,798,000 
22,356,193 
16,488,668 
21,487,435 
28,468,206 

33.009,236 
28,422,377 
20,314,613 
19,019,990 
19,144,390 

20,584,421 
19,262,066 
15,948,464 
14,374,612 
14,569,127 

13,831,996 
13,183,610 
12,518,134 
12,239,026 
11,654,777 

11,500,410 
11,211,606 
















1860. . . 




1 










1861. 
















1862 
















1863 
















1864 
















1865 




t 










1866 
















1867. . 
















1868 

















1869. .. 
















1870 
















1871 
















1872.. 
















1873 
















1874.. 
















1876 
















1876 


81,763 
29,888 
38,179 
29,112 
38,940 

33,867 
39,761 
47,632 
90,061 
661,680 

1,782,970 
5,022,632 
10,010,868 
12,471,466 
16,124,656 

17,740,301 
16,362,921 
16,249,769 
16,792,154 
19,645,233 

23,941,169 
21,660,515 
18,738,708 
21,142,108 
22,862,730 

21,648,063 
21,014,231 
20,480,286 
18,876,631 
16,846,660 

14,787,763 
12,207,448 


120,000 
172,000 
180,000 
180,000 
179,000 

151,000 
128,000 
126,000 
90,000 
91,000 

102,000 
145,000 
119,448 
544,113 
402,578 

2,406,218 
8,810,086 
8,446,412 
8,577,624 
8,120,125 

10,019,770 
13,090,045 
13,616,101 
13,910,630 
16,105,676 

14,177,126 
13,613,345 
12,899,395 
12,644,686 
U,578,110 

10,120,935 
9,095,296 


12,000 
13,000 
16,227 
19,868 
40,662 

99,862 
128,636 
142,857 
262,000 
325,000 

377,145 
678,672 
690,333 
303,220 
307,360 

823,600 
386,040 
470,179 
706,960 
1,208,482 

1,252,777 
1,903,411 
2,267,207 
2,642.095 
4,324,484 

8,786,330 
13,964,268 
24,382,472 
29,649,434 
33,427,473 

33,098,598 
39,748,375 










1877 








1878 


1 




1879. .. 


1 




1880. 






1881... 






1882 






1883 


4,756 






1884 


4,148 
5,164 

4,726 
4,791 
5,096 
6,400 
6,000 

9,000 
6,600 
3,000 
1,600 
1,600 

1,680 
322 

5,568 
18,280 
62,269 

187,259 
186,331 
654,286 
998,284 
1,217,337 

1,213,648 
820,844 








1886 








1886 








1887 


76,296 
297,612 
316,476 
368,842 

665,482 
824,000 
594,390 
616,746 
438,232 

361,460 
384,934 
444,383 
800,278 
817,386 

460,520 
896,901 
483,925 
501,763 
876,238 

827,582 
831,861 






1888 






1889 

1890 

1891 

1892 

1893 

1894 

1896 

1896 

1897 

1896 

1899 

1900 

1901 

1902 

1903 


33,376 
63,496 

136,634 

696,068 

2,335,293 

3,688,666 

4,386,132 

4,680,732 
4,122,356 
3,730,907 
3,848,182 
4,874,392 

6,757,066 
7,480,896 
9,186,411 
11,339,124 
10,964,247 

7,678,477 
6,128,037 


1,460 
900 

675 
621 
400 
300 
200 

250 
600 
360 
360 
200 

260 
200 


1904 

1906 

1906 

1907 


" '181,084 

4,397,060 
24,281,978 


Total. 


687,425,409 


386,260,105 


185,039,718 201,965,826 1 5,276,578 ,8,874,286 ,90,127,511 

1 1 i 1 ^^-> 


28,860,688 
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Productiofk Qf crude petroleum im t?^ Unttei States^ 18^^1907, bp yemre tmA Ity 
States, <» harreU of 4^ (wWofw— Continued, 



Tear. 


Kmsai* 


Tfsaik 


Mtaonri. 


Oklap 
honML 


Wyo- 
mlng. 


Louisi- 
ana. 


United States. 


Total viiliM. 


1869 














2,000 
600,000 

3,113,600 
3,056,600 
2,611,309 
2,116,100 
2,497,700 

3,607,700 
8,347,300 
3,646,117 
4,215,000 
6,260,746. 

6,206,234 
6,293,194 
9,893,786 
10,926,945 
8,787,514 

9,133,600 
13,350,363 
15,396,868 
19,914,146 
26,286,123 

27,661,238 
30,349,897 
23,449,633 
24,218,438 
21,868,785 

28,064,841 
28,283,483 
27,612,025 
36,163,513 
45,823,572 

64,292,665 
50,514,657 
48,431,066 
49.344,516 
62,892,276 

6a, 900, 361 
60,475,516 
66,364,233 
67,070,8fO 
63,620,529 

69,389,194 

88,766,916 
100,461,827 
117,080,9f0 
134,717,580 

126,403,938 
166,095,335 


832,000 
4,800,000 

1,036,668 
3,209,525 
8,225,663 
20,890,576 
16,459,853 

13,455,398 
8,066,903 
13,217,174 
23,730,450 
20,603,764 

22,691,180 


I860 














1861 














1862 ... 












1863 ' 












1864 














1865 














1886 














MOT. . .. 














1868 















1869 










I 


1870 












1871.. 












1872 ... 










1 


21,440,503 
18,100,464 
12,647,627 
7,368,133 


1873 










1 


1874- 












1875 










1 


1876 










. . 


22,983,828 


1877 












3li788!566 


1878 . .. 










! 


18,044,630 


1879 













17,210,708 


1880 . .. 















24,600,688 


1881 . .. 















23,613,061 


1882 














23,631,165 


1883 










1 


25,740,252 


1884 










1 


20,476,924 


1886 












19,193,694 


1886 












20,028,467 


1887 


':::::!:::::::::::::::: 









18,856,606 


1888 












17,950,358 


1889 


£00 
1,200 

1,400 
5,000 
18,000 
40,000 
44,430 

113,671 
81,098 
71,980 
60,700 
74,714 

179,161 

331,749 

932,214 

4,260,779 

el2,013,495 

^,718,648 
e45,933,649 


48 
64 

64 
46 
50 
60 
60 

1,450 

65,975 
646,070 
669,013 
836,030 

4,303,658 
18,083,658 
17,966,572 
22,241,413 
28,136,189 

12,567,897 
12,322,696 


20 
278 

26 
10 
60 
8 
10 

48 
19 
10 
132 
01,602 

»2,335 
a 757 
a3,000 
a 2, 572 
a 3, 100 

• 3,500 

• 4,000 




1 


26,963,340 


1800 






35,365,106 


1801 


30 
80 
10 
130 
37 

170 
625 




30,520,668 


1892 


1 


25,906,463 


1803 






28,932,326 


1804 


2,3P0 
3,456 

2,878 
3,660 
6,476 
6,560 
6,460 

6,400 
6,253 
8,960 
11,542 
8,464 

#7,0«r 
9,339 




35,522,006 


1805 




57,691,279 


1806 




68,618,700 


1897 




40,929,611 


189S 




44,193,359 


1890 






64.603,904 


1900 


6,472 

10,000 

. 37,100 

138,911 




75,752,691 


1901 




66,417,336 


1902 

1903 

1904 

1905 

1906 

1907 


648.617 

917,771 

2,958,958 

8,910,416 

9,077,628 
6,000,221 


71,178,910 
94,694,050 
101,175,456 
84,157,399 

92,444,736 
120,106,749 


Total. 


85,881,278 


117,819,991 


21,4n 


1,500,313 


86,786 


27,413,611 1 1,806,608,463 


1,654,877,686 



•Includes the production of Mlehfgao. 

h Includes production of Michigan and small production in Oklahema. 

eincludes production of Oklahemft. 

4 Included with r 

• Estimated. 
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1900 
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ILLUSTRATION OF THE CROWDING OF OIL WELLS, SPINDLE TOP FIELD, TEXAS. 
(Photo by €. W. Hayes.) 
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ToUU number of toelU in operation in petroleum fields in e<ich year from JSS9 

to W07. 



Ymt. 


lacSSa. 


Call- 
fonate. 


Umarln- 


Colorodo- 
Wyo- 
ming. ' 


Hid-Oon^ 
tinent. 


Gnlt 


nUnots. 


Totd. 


I860 


1 
11 
28 

48 

77 

123 

222 

813 

351 

1,058 

1,838 

2,673 

3,197 

3,481 

4,752 

6,821 

7,135 

8,817 

11,234 

13,400 

16,517 

18,627 

21,158 

22,245 

22,340 

21,063 

20,720 

20,782 

17,947 

15,433 

17,127 

19,860 

20,679 

10,683 

18,267 

19,717 

24,131 

26,235 

24,418 

26,217 

30,543 

36,601 

38,504 

38,637 

38,074 

40,058 

42,634 

41,436 

40,033 














1 


I860 














U 


1861 














28 


1862 














48 


1868., . 














77 


1864 '..'...'...'.. 














123 


1865 














222 


1806 














SU 


1867 














351 


1868 














1,068 


leao 














1,838 


1870 














2,673 


1871 














3,lf7 


1872 














3; 481 


1873 














4,762 


1874 














5,821 


1875 


2 
2 
3 
3 
4 
7 
10 
13 
16 
20 
23 
26 
87 
48 
51 

• 53 

• 74 

• 111 

• 156 

• 101 

• 251 

• 300 

• 546 

• 746 

• 045 

• 1,295 
2,152 
2,397 
2,575 
2,715 

• 2,734 
2,661 
2,560 












7,137 


1876 












8,819 


1877 












11,237 


1878 












13,403 


1879 












16,521 


1880 






1 




18,634 


1881 










21,168 


1882 










22,258 


1883 






, 




22,365 


1884 






1 




21,063 


1885 


• 46 

• 135 

• 405 
909 

1,609 
3,386 
4,760 
6,196 
7,903 
10,820 
15,261 
10,481 
20,363 
21,603 
24,320 
27,606 
28,833 
20,542 
81,605 
30,235 
26,315 
18,901 
13,130 




i 




20,797 


1886 








' 


20,943 


1887 


6 
28 
34 
36 
38 
40 
44 
40 
18 
30 
46 
117 
144 
158 
175 
183 
179 
176 

• 118 

• 107 

• 112 








18,395 


1888 








16,418 


1880 


4 

10 

24 

24 

24 

58 

127 

176 

167 

175 

185 

171 

132 

329 

1,360 

4,424 

7,011 

10,270 

14,568 


2 

2 

2 

2 

2 

2 

2 

2 

37 

377 

555 

830 

1,216 

• 1,274 

• 1,416 
1,418 
1,571 
1,000 
2,356 




18,832 


1800 


23,341 


1891 


26,481 
26,061 
26,401 
30,841 
301784 
46,318 
46,580 
48,328 
56,705 


1892 


1803 


1804 


1805 


1806 


1807 


1808 


1809 


1900 


65,757 


1001 


71,106 


1002 


72,366 
76,180 


1903 


1904 


2 

570 

3,655 

7,913 


79,928 
81,853 
78,930 
80,670 


1905 


1906 


1907 





•Estimated. 



LIFE OP A WELL. 

Varying with the compactness of the "pay sand" and with the 
pressure of the gas accompanying the petroleum, the productive life 
of wells varies between the extreme limits of a few months on the one 
hand to more than twenty years on the other. In many regions in 
Pennsylvania the hard and compact sandstones have resulted in wells 
of unusually long life, such wells having an initial production of 
50 to 500 barrels m the first twenty-four hours and " settling down " 
to a comparatively steady production of perhaps one-tenth of that 
amount This has continued for years with gradual decline, and 
after even twenty years many of such wells are still being pumped, 
with a production declining to one-tenth of a barrel per day. The 
other extreme, of sh(Hl-lived wells, is represented by the Spindle Top 
type, where, from very loose sands, wells have spouted many thou- 
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sands of barrels in the first twenty-four hours, have shown a corre- 
spondingly rapid decline, and have become exhausted and been aban- 
doned within six months to four years from the time when first 
drilled. The experience of petroleum producers in Pennsylvania has 
shown seven years to be a fair average life of a well. 

Adopting this average for the Appalachian, Lima-Indiana, Illinois, 
and Mid-Continent fidds. four years for Texas, six years for Cali- 
fornia, and seven years for the minor petroleum fields, tables have 
been computed showing the probable number of active wells which 
contributed to each year's production. This has been done by adding 
to the existing wells all the new productive wells drilled in each 

?rear and subtracting all wells when they reached the prescribed age 
imit. From these tables the average daily yield of the wells of each 
region has been estimated : 

Average production per well per day in each field from 1859 to 1907. 
[Barrels of 42 sallons.] 



Year. 


la^ian. 


CaU- 
fomia. 


Lima- 
Indiaoa. 


Colorado- 
Wyo- 

tning. 


Mld- 
Contl. 
neat. 


Gull. 


lUlnois. 


Average. 


1859 . .. 


5.48 
124.19 
206.81 
174-47 
92.91 
47.01 
30.82 
31.49 
26.13 
9.44 
6. 28 
5.39 
4.46 
4.94 
5.70 
5.14 
3.37 
2.83 
3.25 
3.14 
3.51 
3.86 
3.57 
3.72 
2.86 
3.11 
2.85 
3.50 
3.49 
3.00 
3.58 
4.15 
4.77 
4.64 
4.70 
4.23 
3.52 
3.68 
3.95 
3.45 
2.97 
2.79 
2.39 
2.27 
2.22 
2.10 
1.89 
1.83 
1.73 














5.48 


I860 














124.19 


1861 














206 81 


1862 














174. 47 


18fi3 














92.91 


1864 














47 01 


1865 














30.82 


18G6 












31.49 


1867 












26.13 


1868 








• 




9.44 


1869 






1 t 




6.28 


1870 






' 




5.39 


1871 






1 . 


4.46 


1872 








4.94 


1873 






, i 


5.70 


1874 


;::::::::::::::::;: 


! 1 


5.14 


1875 


4.11 

16.39 

11.87 

13.91 

9.28 

15.83 

27.36 

27.11 

24.46 

35.74 

38.70 

39.74 

50.24 

39.30 

16.28 

15.88 

11.98 

9.50 

8.26 

10.12 

13.19 

8.78 

9.57 

8.30 

7.66 

9.15 

11.19 

15.99 

25.94 

29.84 

33.49 

34.07 

42.56 




1 


3.74 


1876 




1 1 


9.61 


1877 




1 1 


7.56 


1878 




1 j 


a53 


1879 




. . .. 1 1 


6.40 


1880 




, 1 


9.85 


1881 




1 1 


15.47 


1882 




, 


15.42 


1C83 




1 


13.66 


1884 




1 




19.48 


1885 


2.20 

21.59 

31.46 

29.10 

20.75 

12.20 

10.05 

7.00 

5.54 

4.38 

3.64 

3.54 

3.07 

2.57 

2.28 

2.16 

2.08 

2.17 

2.07 

2.23 

2.32 

2.54 

2.74 






14.58 


1886 . .. 






21.01 


1887 


34.83 

29.04 

25.60 

28.07 

47.98 

56.29 

37.01 

35.49 

67.23 

33.10 

23.14 

10.56 

7.53 

5.60 

7.29 

6.04 

7.54 

7.97 

&93 

8.57 

8.35 








30.01 


1888 








25.11 


1889 


.35 

.34 

.16 

.24 

2.05 

1.89 

.96 

1.79 

2.43 

9.65 

10.93 

14.70 

20.54 

8.22 

3.19 

3.82 

4.34 

6.09 

8.81 


.07 

.08 

.08 

.06 

.07 

.08 

.07 

1.96 

4.89 

3.97 

3.30 

2.76 

9.90 

40.07 

36.51 

48.56 

64.61 

31.21 

19.35 


.80 
.50 
.36 
.28 
.22 
.20 
.13 
.18 
.35 
.25 
.26 
.13 
.18 
.13 


9.62 


1890 


8.75 


1891 


10.77 


1892 


11.14 


1893 


&26 


1894 


8.06 


1895 


12.68 


1896 


7.58 


1897 


6.77 


1898 


5.54 


1899 


4.99 


1900 


5.33 


1901 


7.65 


1902 

1993 


10.70 
11.07 


1904 

1905 

1906 

1907 


4.80 

.87 

3.30 

8.37 


14.19 
16.64 
12.52 
13.18 


Average 


18.11 


20.47 


7.73 


23.62 


5.29 


14.06 


,.« 
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DXJBATION. 
PRODUCTION CURVE. 

The rate of petroleum production, CTaphically portrayed in the 
curve already referred to, shows that Beginning with 1860 as much 
petroleum has been produced in each nine years as the entire product 
preceding this nine years. Continuing this rate of increase the next 
nine years would produce 1,800,000,000 barrels, making the total 
amount extracted up to 1916 8,600,000,000" barrels. In 1925 the 
amount extracted would reach 7,200,000,000, and in 1934 14,400,- 
000,000 barrels, and nine years more, 1943, would bring the total to 
almost the maximum amount estimated as obtainable from the 
present fields. Concerning the probability of such a rate of increase 
m production, one must consider the causes for the great increase in 
past years. The vital factor has been the ease with which any quan- 
tity of oil could be sold for cash at any time and for prices ordi- 
narily much above the cost of production. This ready market has 
not bleen seriously disturbed even by the greatly increased production 
of the past few years. The second reason is based upon the liquid 
character of the product. With the discovery of each new field the 
territory is divided into many leaseholdings, frequently small in size. 
In pumping from one lease petroleum is apt to flow in from a rival 
interest. It is therefore necessary for each l^see to " get his share " 
before it flows away to drained territory. It is impossible to prevent 
the consequent rapid depletion of a field without a combination of 
all the interests, or by limiting by statute the amount that each pro- 
ducer shall extract per acre within a specified time. General in- 
dustrial conditions have had little effect in regulating the production 
of petroleum, as has been the case with coal. The purchaser for cash 
has always been on hand. Even if the price paid has been low, it 
has been above the cost of production. Tne surplus has been readily 
marketed abroad, or bumea as a substitute for coal. 

Oil's independence of industrial conditions is also shown by the 
inability of the production to respond to greatly increased trade de- 
mand. It requires the development of new territory to greatly in- 
crease the production. Otherwise the developed fields rapidly fall 
into the stage of decline, which is more or less rapid as the oil sands 
are loose or compact Without the opening of new territory there is 
no probability of continuing the indicated rate of increase. The pro- 
duction of the present year could not be maintained beyond a very 
few years. The duration of the supply will thus be extended, but 
with a production inadequate to legitimate demands, as the pro- 
duction m the past has been excessive. 

Under conditions of an insufficient supply, the relations of price 
.to production must more closely follow supply and demand, the con- 
ditions governing which have been pointed out in connection with 
our better Imown supply of coal, but there must always remain the 
exceptional feature or rival producers vieing in the extraction of 
petroleum from the same reservoir. 

RAPIDLY DECLINING FIELDS. 

The production tables show that in seventeen years Pennsylvania 
and New York have decreased to a third of their greatest output 
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The decline has become quite regular, and, logically extended, will 
render the production negligible in ten years. The production per 
well per day has fallen from a maximum average of 207 barrels to 
1.7 barrels, showing that increasing the number of wells is not sig- 
nificantly effective m stimulating ftie product. In fact, many very 
(Ad wells are contributing to the product witii as littie as one-tenth of 
a barrel per day. 

The production in West Virginia has declined to 56 i)jBr cnt of the 
maximum output, and new developments of ^eat magnitude are not 
looked for. This State is also in tne rapidly dedining class. 

The rate in Kentucky and Tennessee is not easily predicted, but 
there is no territory which has yet been proved to rank amon^ the 
great producers. Ohio and Indiana are declining more rapi<Uy at 
present than Pennsylvania. In Texas the decline is also rapid, and 
a total of only 200,000,000 barrels is estimated from the present pools. 
In Kansas the decline has been rapid and the production has now 
reached a small fraction of the previous yield and a stage wherd the 
future decline will be slower. 

INCOtEASINO TERRITORY. 

Illinois and Oklahoma, in the Mid-Continent field, and California 
can be expectd to show greater yields. In Illinois the limitations of 
the new nelds have not been reached, and the possibilities of c<Misid- 
eraUe extensions render an increase in the yield probable for several 
vears. The same is true in Oklahoma, particularly in the so-called 
"diallow pool." 

TIME OF XXHAUSTIOK. 

Begarding the limits of time within whidi the present supply will 
be exnausted, it is clear that considering the minimum quantit]^ of 
petroleum in the United States as 15,000,000,000 barrels, and continu- 
ing the present rate of increase in production, the supply would be ex- 
hausted about 1935. If the present annual production were con- 
tinued without increase, 90 years would be required to exhaust 
this estimated minimum quantity. A reasonable view of the situa- 
tion makes it probable that the present annual rate of production 
will be increased slightly through the developments of Illinois, Okla- 
homa, and Califorma, but that within a very few years a marked 
decline will be noted, and this will continue with increasing value 
for the oil product and an insufficient quantity for the legitimate 
demands of the industry after another decade, and that the produc- 
tion, on a reduced scale, will continue for a long time, but in an 
amount unsatisfactory to industrial necessity, excej^ as supplemented 
from new fields. 

NATURE AND EXTENT OF WASTE IN THE EXTRACTION OF 

PETBOLEUM. 

STORAGE. 

Waste, as understood in the natural-gas industry, has been markedly 
absent with i)etroleum. Very rarely has it proved impossible to 
furnish storage for some exceptionally prolific gusher. In 1907 lade 
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of storage in the Mid-Continent field resulted in wasting a large 
amount of petroleum, estimated at 1 per cent of the total production, 
for which no storage was available. A similarly exceptwmal waste 
resulted in 1901 from the unexpected gushers in the Spindle Top pool 
in Texas. 

LACK OF FCMtEftlOHT ABROAD. 

The record of the United States in providing sufficient storage in 
steel tanks is far better than that of the other petroleum fields of the 
world. In Russia lack of foresight in opening unusually strong 
gushers has not onljr kd to repeated enormous waste of petroleum, but 
to fires which have involved the destruction of large cities. Nowhere 
else in the world have the emergencies of the petroleum production 
been met with the keen foresight and prompt treatment characteristic 
of the United States. 

EVAPORATION. 

Another form of waste of petroleum products of Europe and of 
the East, which has been avoided in the United States, is evaporation 
of gasoline and of similar light products when the petroleum is ex- 
posed to the air in open tanfe. These light products form the most 
valuable portion of petroleum. A thin layer of any ordinary light 
crude petroleum will become heavy and valueless by exposure to the 
sun for a single day. This has been a source of great loss in the open 
earthen tanks which have been much used in Russia. In the Umted 
States, on the other hand, onlv under very exceptional circumstances 
has the earthen tank been used, and then only pending the completion 
of steel tankage. The rapidity with which steel tanks, often holding 
as much as 55,000 barrels, have been constructed, to the extent of 
farms of these tanks, is a remarkable tribute to the engineering skill 
of the oil- transportation companies. It is due, also, to the conditions 
of the iron industry, which make it possible to furnish suitable steel 
promptly for such emergencies. On an average, one tank per day 
was completed in the Mid-Continent field in 1907. 

WASTE IN THE TJSB OF PETBOLEUM. 

The principal waste in the petroleum industry is connected with its 
utilization. In the face of an approaching scarcity, the use of petro- 
leum should be limited to the purposes for which it is essential and 
for which no other material can 1:^ substituted. 

ESSENTIAL USES. 

Petroleum may be regarded as indispensable for the lighting of 
isolated houses, and for every small establislmient not in connection 
with a gas or electric supply. The prices at which lamp oils can be 
sold are lower than the prices of any substitute under isolated condi- 
tions^ The economic necessity, therefore, of securing the greatest 
amount of illuminating oil from crude petroleum is evident 

ABSOLUTE NECESSITY OP OIL FOR LUBRICATION. 

A still more essential use of petroleum is for lubricating all bear- 
ings in every kind of machinery. This is necessary in the develop- 
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ment of power by any means. The following table gives some indi- 
cation 01 the amount of lubricating oil consumed in various kinds of 
power production. At least one-half pint of lubricating oil is used 
for every ton of coal converted into power, and when this power is 
carried further to its ultimate uses, such as the moving of railroad 
cars, and when account is taken of the machinery depending on 
hand power, including sewing machines, clocks, watches, etc, this 
necessary oil is probably doubled in amount. The conservation, 
therefore^ of a proportionate amount of lubricating oil, consistent 
with all industrial activity, must become a part of me general plan 
for civilized progress. It should be noted that from 10 to 16 per cent 
is as large an amount of lubricating oil as is now obtained from crude 
petroleum. 

Average amount of lubricating oU required for power. 



Gallon 

of oil per 

ton of 

ooal. 



Gallon 
of oil per 
horse- 
power 
day. 



Street railway power station 

Niagara Falls power house 

Fleet of 167 steam vessels, total indicated 

horsepower, 480.900. 
New England industrial plants: 

No! 2!!;!;!;;!!!!!!!!!!!!!!!!!!!;;;!;!! 

N0.3 

No. 4 

Average 



a 168 

.aoo 



.400 
.200 
.670 
.600 



aooQi 

.0008 
,0086 



.0048 
.0024 
.0080 
.0060 



and 



Including crank case» cylinder, 
engine oU. 

Doubtless supplemented by water lu- 
brication. 

Machhie and cylinder oiL 



Cylinder olL 



.310 



.0087 



UNNECESSARY USES. 

In 1907 there were 18,855,691 barrels of crude petroleum burned as 
fuel in locomotives, and a large proportion of the California produc- 
tion was used for the development of power, principally by burning it 
for the generation of steam. Whenever a large increase is made in 
the production of petroleum with a corresponding decrease in price, 
the producers are grateful for any outlet for their oil and sell it 
for such low-grade uses, in which it brings not more than one hun- 
dredth part and has brought as low as one thousandth part of the 
maximum price for high-grade petroleum products. Much of this 
crude petroleum, had it remained stored in the ground, could later 
have been converted into far more valuable products. Much pe- 
troleiun has been used for oiling roads. The skillful application of 
petroleum residues to poor road surfaces has proved so enective that 
this use is justifiable, out the use of crude petroleum for such pur- 
poses can seldom be considered in any other light than as a waste, 
especially as coal-tar residues and waste products of the coking and 
illuminating-gas industry serve this purpose well enough. 

EXPORTS. 

The greatest waste of petroleum has been in exporting crude petro- 
leum and petroleum products to foreign countries. The necessity for 
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it has been due to the sudden increase of production, due to the 
discovery and immediate development of the larger fields, and only 
by this means has it been possible for the producers to continue the 
practice of furnishing a constant market for petroleum, wherever 
produced. This immediate purchase of the product has meant a 
gain of millions of dollars to the producers. 

METHODS OF PBEVENTINa OB LESSENING WASTE IN THE PETBO- 
LEUM INDUSTBY. 

CHECEING UNNECESSARY PRODUCTION. 

At present, more petroleum is being produced than is necessary for 
the legitimate demands of the industry. Within ten years the present 
fields will be unable profitably to produce enough for these legitimate 
requirements. Inasmuch as the lands now owned by private interests, 
are leased by rival concerns, it is impossible to prevent each rival 
from producing petroleum as rapidly as he desires. The only direc- 
tion in which production can be checked is with the petroleum 
contained in public lands. Offering such public land for entry at 
a nominal price is nothing more than temptation to the private 
citizen to waste petroleum by overproduction, since lands jielding 
hundreds of dollars per acre in this product can be obtained for 
a nominal sum. Every acre of public land believed to contain sup- 
plies of petroleum or natural gas should be withdrawn from every 
form of entry and should be subjected to an equitable system of lease. 
By this means undoubtedly a large amount of petroleum would be 
reserved for use when the supply becomes inadequate to industrial 
demands. It should be noted that since the advance copies of this 
report appeared in the public press, the petroleum producers of 
Oklahoma have arranged to reduce production in that otate. 

BETTER COMBUSTION. 

The use of petroleum as a form of power is justified on the Pacific 
coast, provided attention is given to securing the maximum amount of 
power per unit of oil. This is not consistent with burning oil under 
stationary boilers for the production of steam, but prompt study 
should be given to the development of internal-combustion engines 
capable of using crude petroleum or, more particularly, less valuable 
residuum. It should be noted that private enterprise has already 
done much for the successful solution of this problem. 

HOW SUPPLIES OF PETBOLEUM MAY BE EXTENDED. 
PREVENTION OF WASTE IN EXTRACTION AND IN USE. 

Legislation tending to the capping of gas wells in petroleum fields, 
to preserve the pressure, and to prevent the unnecessary encroach- 
ment of water, snould be extended to all States where petroleum is 
produced. After the practical exhaustion of the field by this en- 
croachment of water, the remaining petroleum can frequently be 
washed into smaller but still profitable pools — a system which is 
already intelligently used in this country. 
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DISCOVERY AND DBVELOPMBNT OP SUBSTITUTES. 

Alcohol from grain, potatoes, and waste products can be used in 
the place of petroleum as an illuminant and for power in i)laee of 
gasoline whenever the necessity arises. No practical substitute is 
known for mineral lubricating oils. Animal and vegetable oils are 
excluded as entireljr too expensive. The production of artificial 
petrrfeum from various ve^table and animal waste products has 
received sufficient study to indicate the possibility of good results 
if scientific research is encouraged in this direction. 

NECESSITY OF SCIENTIFIC RESEARCH. 

The most practical recommendation seems to be the encouragement 
of scientific research in the study of the conditions of occurrence of 
petroleum in the earth, in order to lessen the expense of discovery 
of new pools. A second line of scientific research of even greater 
value should include fundamental studies of the nature of all kinds 
of petroleum, with a view to converting less valuable varieties into 
higher grades and to producing greater proportions of the absolutely 
necessary lubricating oils from crude petroleum. Such scientific 
study should be initiated at once to be of benefit when the present 
petroleum supply becomes inadequate. 

BECOMMENDATIONS. 

Three conclusions are self-evident from this report. 

First. It is absolutely necessary for the preservation of an ade- 
quate supply of petroleum that all public lands where petroleum is 
probable should at once be withdrawn from entry. 

Second. A general investigation of the conditions of accumulation 
of petroleum and it{^ geographic distribution should be undertaken 
in order that the petrmeum-bearing public lands may be selected. 

Third. Fundamental scientific study of the nature of petroleum, 
especially with a view to securing tne greatest yields of the most 
valuable constituents and even for transmuting one oil into another, 
Ls required for its most intelligent use. 
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NATURAL-GAS RESOURCES OF THE UNITED STATES. 



By David T. Day, 
United States Geological Survey. 



THE GAS FIEIiDS. 



DISTRIBUTION. 



The conditions favorable to the accumulation of gas reservoirs are 
in general the same as for petroleum. The two usually overlap. 
More or less gas is always found dissolved in crude petroleum, and 
the amount of gas obtained at a given pressure from a sand of slight 
thickness leads to the belief that the gas is dissolved in the petroleum 
under pressure, in a manner similar to the solution of carbonic acid 
in water. Reservoirs filled with dry gas are often found — almost 
always in the neighborhood of petroleum fields — though beds of coal 
often yield natural gas, even when far from oil wells, as in the anthra- 
cite mines of Pennsylvania, where gas is found more than 100 miles 
distant from any petroleum pool. 

ABEAS. 

The areas shown on the petroleum and gas map, accompanying 
this report, comprise the regions in which eitiier natural gas or 
petroleum is the more valuaUe product. The limits of these areas 
have been revised since the map was published, and they now show 
the following measurements in square miles: 



state. 


Square 
miles. 


State. 


Square 
mUes. 


State. 


Square 
miles. 


Alabama 


40 
310 

80 

60 

2,400 

530 

290 

110 

40 


Missouri 


70 
40 
6S0 

110 
165 

1,000 
20 

2,730 


South Dakota 


80 


California 


Montana 


Texas 


130 


Colorado 


New York 


Utah 


40 


nunois 


Ohio: 

Eastern 


Washington 


70. 


Indiana.... . 


West Virginia 


1,000 
120 


KanjiAff , . . 


Western 


Wvominjf 


Kentucky 


Oklahoma.... 


Total 




T^qislflfift,..,^. , ... . . 


OrpgoiL 


10,066 


Michigan 


Pennsylvania 











PRESSURE. 



Estimates of the total yield, in cubic feet, which can be expected 
from the gas pools are orainarily obtained by measuring the pressure 
with a Pitot tube, calculating by a simple formula the cubic feet per 
day, and observing the rate of decline. 



72539— S. Doc. 676, 60-2. vol 3 30 
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The closed or rock pressures in various fields, in so far as reliable 
records are available, are given in the following table for various 
years: 

Pressure of natural gas in various fields at various dates, 

[In pounds per square Inch.] 





nttnols. 


Tn^flf^A. ir«n>Aa. 


Kon- 
tOBky. 


New 
York. 


Ohio. 


Okla- 
homa. 


Penn- 

syl. 

yanla. 


Texas. 


WeetVUw 








ginla. 


18S5 


400-450 
125 










450 

400 

f •750 

\ 6650 

6 450 

250-390 

170-275 




IfiO-.WS 






1886 


326-400 
32(V-340 


110 






200-460 

\ ixn-aso 




650-680 


1887 








1888 


300 


325 




125 


""'4m' 
240 


1 








1880 


325 












1890 














1,000 


1883 




280 
260 

240 

220 

195 
165 
150 

uo{ 

80 
60 












1804 


60 
40 

25 


200 










250 
150 

85 






1885 


/ «60 
\il25a-300 

28M00 


} 

1,600 


6 60-150 

/ a750 

\ 646 

630 


}Z:: 






1886 

1897 


100 
250 




600-900 

100-1,100 

600-1,200 

1,200 

1,200 

1,000-1,300 

1000-1,250 

860-1,360 


1886 












1889 


«3-30 


366-325 




200 










1900 


/310-320 
^150 


I 


/a30(M00 


I 






1901 




1 




/ 




<250 


190e 










t /800 


\ 




IWI 










/ 


400 




1904 


{ 


*3064oo}«»^ 
22-156 00-382 










1906 


150-436 




46-836 


m-^862 


217-468 


41-486 




144-lil6 













• Lancaster. 

6 Northwestern Ohio. 

• Western Kentucky. 
'Eastern Kentucky. 



• Bureau County. 

/Allen County. 

» Neosho County. 

^ Reduced to almost no pressure. 



* Beaumont. 

* Homer. 

* Southern Indiana. 



The paucity of actual data is evident from the table above. It is 
useful only in showing the generally rapid decline of the high pres- 
sures. 

PBODXTcnoir. 

The following tables show the value of the natural gas thus far 
produced. It has been possible only in the last two years to determine 
the quantity, in addition to the value of gas produced, but this shows 
that the quantity produced, as well as the price, is increasing. 

Approximate value of natural gas produced in the United States, 1882-1907, 

by States. 



State. 


1882. 


1883. 


1884. 


1886. 


1886. 


1887. 


Pwinsj^vanla 


175,000 


1200,000 


$1,100,000 


$4,600,000 

196,000 

100,000 

40,000 

1,200 


$9,000,000 

210,000 

400,000 

60,000 

4.000 

300,000 

6,000 

39 nnn 


$13,749,600 

333,000 

1,000,000 

120,000 


New York 


Ohio 








WestVlrghiia 








nUnois 








Indiana 








600,000 


Kansas 










Other 


140,000 


275,000 


360,000 


20 000 


16,000 






Total 


216,000 


476,000 


1,460,000 


4 867 200 "^^ f^i^ f)*^ 


16,817,600 






-"1 "— » """^ 
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Appro»im€i9 voiue ^ n^turtU #m proOttce^ in the United Bimiw, 1S82-1907, 

hy States — CJontinued. 



State. 


1888. 


1889. 


189a 


1891. 


1892. 


1893. 


FftnnffvI'vanlA ^ 


$19,282,376 

382,500 

1,500,000 

120,000 


$11,593,989 

580,086 

5,215,009 

12^000 

10,616 

9,W^7« 

8^«87 

13,680 

3,680 

1,728 

'876 


$9,661,086 

563,000 

4,664,300 

^400 

6,000 

12,000 
10 600 

80,000 


$7,884,016 

280,000 

8,076,326 

86,000 

6,000 

8,942,500 

6^500 

1,500 

80,000 

88,993 


$7,376,281 

• 216,000 

2,136,000 

70,500 

12,988 

4,716.000 

40,796 

3,775 

66,000 

48,176 

100 

100 


$6,488,060 
210.060 


New York 


Ohio 


1,610,000 
123,000 


West VlrglnU 


niinols " 


14.000 


Tn'liftllft r.. 


1,820,000 


6^718.000 
60,000 
2.100 


KansM 


Missouri 




Californta 




€8,000 


Keatiicky and Tes 

Texas and Alabam 
Arkansas and Wyv 
ITtah 


inessee 




€8,600 
60 


a 




iinin£. . .... 






250 


100 








860 


Other 


76,000 


1,600,176 


1,006,000 


260,000 


900,000 


100,000 




Total 


22,619,876 


21,107,699 


18,792,726 


16,500,084 


14,870,714 


14,8«5,3S0 




State. 


1894. 


1896. 


1896. 


1897. 


1896. 


1809. 


1900. 


Pennsylyania 

New York 

Ohio 

West Virginia.... 
nilnols 


16,279,000 

249,000 

1,276,100 

395,000 

15,000 

6,«7,000 

86,600 

4,500 

60,350 

89,200 

} ~ 

100 
600 


$5,862,000 

241,530 

1,966,790 

100,000 

7,500 

6,908,200 

112,400 

8,500 

66,000 

96,700 
90 

100 
90,000 


$5,528,610 

256,000 

1,173,400 

640,000 

6,375 

6,043,636 

124,750 

1,500 

66,682 

99,000 


$6,242,543 

200,076 

1,171,777 

912,528 

5,000 

•,009,208 

106,700 

600 

60,000 

90,000 


289,078 

1,488,308 

1,334,023 

2,498 

8,060,969 

174,640 

145 

66,337 

103,133 
766 


$8,337,210 

294,593 

1,866,271 

2,336,864 

2,067 

6,680,370 

332,592 

290 

86,891 

125,746 
8,000 


$10,215,412 

335,387 

2,178,234 

2,950,032 

1,700 


Indiana 


7,254,689 

356,900 

647 


Kansas 




CaUfomla 

Keotuoky and 


79,083 


Alabama 


/ 


Texas 

Wyominff 


«0 

20,000 


40 
16,050 


\ 20,000 


utoh.^...:::: 


7,875 






Kentucky 




286,243 
1,800 
9,817 


Colorado 

South Dakota .... 


12,000 


7,000 


4,500 


4,000 


8,300 


1,480 
3,500 


CHh^r 


90,000 


60,000 


80,000 


90,000 


20,000 








Total 


13,064,400 


13,006,650 


13,008,612 


13,836,482 


16,296,813 


30,074,873 


23,698,674 


State. 


1901. 


1908. 


1908. 


1904. 


1906. 


1906. 


1907. 


Pmnsylyanla 

New York 

Ohio 

West Virginia.... 

TfUnnlii 


$12,688,161 

293,282 

2,147,215 

3,964,472 

1,826 

6,954,566 

669,173 

1,328 

67,609 


$14,352,183 

346,471 

2,855,458 

6,390,181 

1 844 

7,06l|344 

$24,431 

2,154 

190,648 


$16,162,834 

493,686 

4,479,040 

6,862,360 

3,310 

6,098,364 

1,133,849 

7,070 

104,631 


$18,189,914 

522,575 

6,315,664 

8,114,249 

4,746 

4,342.409 

1,517,643 

6,285 

114,195 

} M,082 


$19,197,336 

623,251 

5,721,462 

10,075,804 

7,223 

3,094,134 

2,261,836 

7,390 

133,696 

14,409 

1,500 

237,290 

300 

21,135 
20,752 
15,200 
130,137 


$18,558,246 

672,795 

7,145,809 

13,735,343 

87,211 

1,750,715 

4,010,986 

7,210 

134,560 

150,696 

287,501 
300 

34,500 

22,800 

15,400 

259,862 


$18,844,166 

766,157 

8,718,662 

16,670,968 

143,677 

1,672,605 

4,843,(»9 

17,010 

168,397 


Indiana 


Kansas 


UL«Miiri 


Califemla 

Alabama 


Texas 


18,577 


14,953 


13,861 


178,276 


T^iifaFtana... .... 


Kentucky 

Tmnewww 


270,8n 


366,356 
800 


890,301 
300 

2,460 
14,140 
10,775 

1,000 


822,104 
300 

6,616 
14,300 
12,216 
49,665 


380,176 
300 


Arinmsaff and 
Wyoming 




1 126,582 

19,500 

417,221 

235 


Colorado.." 

South Dakota 

Oklahoma 


1,800 
7,255 


1,900 

10,280 

360 


North Dakota 




Oregon 














100 


















Total 


27,066,077 


30,867,863 


35,807,860 


38,496,760 


41,562,855 


46,873,932 


63,866,836 
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Value of natural gas consumed in the United States, 190^1907, by States. 



state. 



1W2. 



IMS. 



1904. 



1006. 



1906. 



1907. 



PennsyiTania.. 
Ohio 

ITi^^imftH 

IClssouri 

WestVirrinla.. 

New York 

Indiana 

Kentucky , 

Oklahoma 



Texas 

Louisiana 

California 

niinois 

Arkansas 

Wvomlng 

Colorado 

South Dakota.. 

Tennessee 

North Dakota.. 
Oregon 



$13,942,788 

4,785,766 

824,431 

2,154 

2,478,174 

1,723,709 

a 6,710,080 

255,481 

360 



816,060,196 

^ 7,200,867 

1,123,840 

7,070 

8,125,061 

1,944,667 

• 5,915,367 

280,426 

1,000 



14^953 



18,851 



117,205,804 

■^9,803,843 

1,517,643 

6,285 

3,883,515 

2,222,980 

• 4^282,409 

268,264 

49,665 

} 14,082 



120,648 
1,844 



1,900 

10,280 

800 



104,521 
3,810 

2,400 

14,140 

10,776 

300 



114,195 
4,745 

6,515 

14,300 

12,216 

300 



819,237,218 

10,896,683 

2,265,945 

7,800 

8,586,608 

2,434,804 

• 3,056,634 

237,290 

126,028 

14,409 

1,600 

183,606 

7,223 

21,185 

20,782 

16,300 

300 



821,086,077 
12,662,620 

\ 4,030,776 

3,720,440 

2,664,116 

• 1,760,755 

287,501 

247,282 

I 150,695 

184,560 
87,211 

34,500 

22,800 

15,400 

300 



822,917,547 

15,227,780 

f 4,853,298 

[ 17,010 

3,757,977 

3,008,533 

1,570,605 

380,176 

406,042 

178,276 

168,397 
143, 5n 

[ 126,582 

10,500 
300 
235 
100 



Total 30,867,863 35,807,860 38,406,760 41,562,855 46.873,032 



• A portion of this was oonsumed in Chicago, Hi. 
Distribution of natural gas consumed in the United States in J906, by States. 



State. 



Nam- 
her of 
pro- 
ducers. 



Consumers. 



Domestic 



Indus- 
trial. 



Oas consumed. 



Domestic. 



Quantity, 
If cubic feet. 



Cents per 
Mcu. ft. 



Value. 



Pennsylvania. . 

Ohio 

Kf M^fW 

Missouri 

West Virginia.. 

New York 

Indiana 

Kentucky 

Oklahoma 

Alabama 

Louisiana 

Texas 

California 

Dlinols 

Arkansas 

Wyoming 

Colorado 

South Dakota.. 
Tennessee 



800 

400 

130 

10 

67 

143 

578 

45 

50 

2 

4 

5 

18 

66 

4 

3 

8 

13 

3 



Total 1,871 



273,184 

310,175 

79,512 

51,281 

74,538 

47,368 

17,216 

8,301 

1 

2,700 

702 

5,537 

1,420 

1,700 

8 

800 

406 

1 



3,807 
8,316 

005 

013 
05 
156 
18 
202 
1 

28 
1 

10 
2 
4 
4 
11 
10 
1 



41,136,808 
88,040,470 

0,576,572 

0,610,147 
8,000,871 
5,049,750 
670,041 
1,446,879 

273,919 

122,577 
350,566 

58,500 

20,500 

12,900 

400 



874,944 



9,074 110,405,808 



22.2 
24.7 

17.5 

15.5 
27.7 
27.8 
40.5 
U.8 

80.4 

97.8 
22.8 

49.1 

100.0 
8&4 
2&0 



22.7 



80,128,837 
8,165,567 

1,673,979 

1,480,473, 

2,405,040 

1,403,087 

275,860 

170,774 

83,320 

110,338 
82,211 

28,711 

20,600 

11,400 

100 



25,140,097 
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DUtrihutUm of natvral gat consumed in tJ^ United States in 1906, lyp States — 

Oontinued. 



state. 



Gas oonsmxiML 



IndostriaL 



Quantity, 
McuWofeet 



Gents 
perM 
on. ft. 



Valae. 



TotaL 



Quantity, 
M cubic feet 



Gents 
peril 

cu. ft. 



Value. 



Pennsylvania. 
Ohio 

^ft'VWS 

Missouri 

West Virginia. 
New York.... 

Indiana 

Kentucky 

Oklahoma 

Alabama 

Louisiana 

Texas 

CaUfomla 

lUinois 

Arkansas 

Wyoming 

Colorado 

Soutk Dakota. 
Tennessee 

Total... 



ia0,0»,366 
41,763,088 
69,801,880 

48,835,863 
1,183,661 
3,811,781 
100,313 
1,961,340 

704,660 

30,444 
60,000 

62,000 

3,067 

10,000 

1,600 



0.9 

ia7 

8.9 

4.6 
1&4 
B.3 

ia6 

8.9 

as 

6ao 
lao 

9.3 
7&0 

4ao 

13.6 



311,066,340 
4,486,063 

3,366,707 

3,330,067 

160,075 

346,768 

11,641 

76,606 

67,376 

16,333 
6,000 

6,780 

3,300 

4,000 

300 



162,006,173 
74,813,663 

60,468,461 

68,466,000 
10,183,433 

7,861,540 
780,154 

3,408,138 

1,088,660 

168,021 
400,666 

130,600 

33,567 
33,900 
3,000 



18.0 
16.0 

&8 

6.3 
36.0 
32.3 
36.4 

7.3 

14.6 

87.0 
31.3 

3&6 

06.7 
67.3 
l&O 



821,085,077 
13,652,620 

4,030,776 

3,730,440 

3,654,115 

1,750,765 

287,601 

347,383 

160,606 

184,660 
87,311 

84,600 

22,800 

15,400 

800 



378,486,764 



7.8 



31,724,835 



888,843,663 



18.1 



46,873,033 



Quantity and value of natural gas produced and consumed in the United States 

in 1906, by States. 



state. 



Produced. 



Quantity, 
M cubic feet. 



,Ct8.per 
Men. ft. 



Value. 



Consumed. 



Quantity, 
M cubic feet. 



Cts.per 
Mcu. ft. 



Value. 



Pennsylvania. 

Ohio 

West Virginia. 

Kansas 

Missouri 

New York.-.. 

Indiana 

Kentucky 

Oklahoma 

California 

Alabama 

Louisiana 

Texas 

Illinois 

Colorado 

Arkansas 

Wyoming 

South Dakota. 

Total... 



138,161,385 

46,436,000 

110*400,303 

60,322,633 

33,660 

3,547,760 

7,861,140 

780,154 

3,630,306 

163,031 

1,038,660 

400,566 
23,567 

130,500 

32,900 
2,000 



388,842,662 



18.4 
1&7 
11.6 

&8 
31.6 
26.4 
33.3 
36.4 

7.3 
87.0 

14.6 

31.3 
06.7 

3&6 

67.3 
l&O 



$18,568,346 

7,145,800 

18,735,343 

4,010,086 

7,310 

672,706 

1,750,716 

387,601 

360,862 

134,660 

160,606 

87,211 
22,800 

34,600 

16,400 
300 



162,006,173 
74,812,562 
58,465,000 

60,468,461 

10,182,422 
7,861,540 

780,154 
3,408,128 

153,021 

1,038,660 

400,666 
23,667 

130,600 

32,900 
2,000 



13.0 
16.9 
6.Z 

&8 

26.0 
22.2 
36.4 
7.2 
87.9 

14.6 

21.3 
96.7 

38.6 

67.3 
l&O 



U.1 



46,873,933 



388,842,662 



13.1 



821,085,077 
12,662,530 
3,720,440 

4,030,776 

2,654,116 

1,760,755 

287, A)l 

247,282 

184,560 

160,606 

87,211 
32,800 

84,600 

15,400 
800 



46,873,932 
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QuamHip and vaiue af natural 909 consumed in the UnHad 8taie9 in 19(rf, 

by Btatei. 











Consumers. 


Oas consumed. 


state. 


Num- 
berof 
pro- 
ducers. 


Domestio. 


Indus- 
trial. 


Domestic. 




^"^"8!' 


Cents 
peril 

caft 


Value. 


Fnnrytylviuiift 


344 

468 

196 

105 

208 

087 

107 

38 

f 

5 

8 

51 

128 

6 

3 

4 

18 
26 
4 
3 
1 


296,115 
380,480 
146,327 
53,807 
83 806 
46,210 
11,(B8 

i.,g 

6;346 

2,126 

3,890 

1,091 

6 

829 

960 

1 

3 

1 


3,812 

6,476 

1,606 

1,000 

155 

218 

277 

230 

4 

38 

6 

87 

61 

35 

21 

3 

6 

12 

1 


44 '48 

41 96 
Ifl m 
9 00 
10 129 
4 i99 
1 08 
1 196 

343,261 

97,246 
344,304 

185,405 

22,500 

41,340 

400 

940 

400 


24.2 
24.4 

14.8 

16 

27.9 

28.7 

19.3 

31.5 

3a7 

102.2 
22.7 

4a5 

53.8 

25 

25 

25 

25 


i 


Ohio 




Kansas 




W«ft Vfrfrtn|a, - . - 




New York 




InflfAn^. .. 




OMfkho^n^ 




Kentucky 




At^hAmiT 




Louisiana 


105,271 




CaUfornla 


99,376 
78,284 


lUtnofff , . , , 


Arkanww , 


Colorado 


75,182 


Wyoming 




South Dakota 


12,100 

10,336 

100 


HVNAnH 


THinesflee 


North Dakota 


235 


On0Hi 




100 










Total 


2,407 


1,055,181 


13,005 


130,915,372 


23 


30,170,062 










Oas consumed. 


SUte. 


ladnstitaL 


Total. 




I'^S^' 


Cents 
peril 

ou.ft. 


ValiM. 




i.-Sl'g' 


Cents 
peril 
ou.ft 


Value. 


PennsylYania 


31 
70 
08 
20 
25 
06 
28 
60 

944,473 

133,099 
810,040 

581,583 

15,000 

66,750 

1,600 


10.1 

12.2 

4.2 

4.9 

12.9 

13.4 

4.6 

20.3 

7.7 

51.8 
8.1 

8.8 

49.3 

10 

12.6 


812,070,625 

4996 801 

2,476,587 

2,190.066 

179,716 

286.445 

162,892 

65,808 

73,004 

09,021 
66,293 

61,400 

7,400 


79 


13.9 
18.4 
6.5 
6.9 
26.1 
23.7 
8.5 
29.2 

13.8 

78.1 
12.4 

16.5 

62 

15.7 

15 

25 

25 


122,917,547 


Ohio.. 


68 
05 
20 
54 
04 
36 
68 

1,287,734 

230,344 
1,154,344 

766,988 

37,500 

108,090 

2,000 

940 

400 


15,227,780 


KanAas . . 


4,853,296 


West Virginia 


3,757,977 


New York 


3,096,533 


Indiana 

Oklahoma . 


1,670,606 
406,042 


Kentucky 


380,170 


AkMi^i^ 




I.4ui8lana 


178,276 


Tezaa 




California 


166,397 


Tlifiv^ifl , , 


143,677 


Arkansas 




Cobrado 


126,582 


Wyoming 




South Dakota 


19,600 


Missouri 


17,010 
300 


Tennessee 


North Dakota 


235 


Oregon 








100 












Total 


273,525-882 


8.3 


22,69<i-883 


404.441 .2fi4 


13.07 


62,866,835 






' 








' 




' 
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Quantity and value of nature goM jn-odvced and consumed in ike United States 

in 1907, Ikv States. 



State. 



Pennsylvania.. 
West Virginia.. 

Ohio 

Kanaas 

Indiana 

New York 

Oklahoma 

Keotncky 

Alabama. 

Louisiana 

Texas 

CaUfomla 

Illinois 

Arkansas 

Colorado 

Wyoming 

North Dakota.. 

Mlssoorl 

Tennessee 

South Dakota.. 
Oregon 



Total. 



Pioduoed. 



Quantity, 
Mcu.(t 



)15 
t36 
MM 
KW 
i04 

158 

1,287,734 

230,344 
1,1M,344 

768,988 

940 

108,090 

2,000 

37,500 

400 



404,441,254 



Cents 
peril 
cu.ft. 



13.9 
13.6 
16.8 

&6 
23.7 
2S.3 

8.5 
29.2 

13.8 

73.1 
12.4 

16.5 

25.0 
15.7 
15.0 
62.0 
25.0 



13.07 



Value. 



118,844,156 

16,670,962 

8,718,562 

4,843,M9 

1,572,606 

766, 157 

417,221 

380,176 

178,276 

168,397 
143,577 

126^581 

235 
17,010 

300 
19,500 

160 



52,866,835 



Consumed. 



Quantity, 
Moult. 



164,541,179 
54,170,520 
82,971,768 
74,577,696 
6,615,204 
11,857,754 
4^815,636 
1,303,158 

1,287,734 

230,344 
1,154,944 

766,968 

940 

108,090 

2,000 

37,500 

400 



404,441,254 



Cents 
per M 
cu. ft. 



13.9 
6.9 

18.4 
6.5 

23.7 

26.1 
8.5 

29.2 

13.8 

73.1 
12.4 

16.5 

25.0 
15.7 
16.0 
52.0 
25.0 



18.07 



Value. 



122,917,547 
3,757,9n 
15,227,780 
4,853,296 
1,570,606 
3,098,533 
406,942 
380,176 

178,276 

168,397 
143,877 

126,582 

235 
17,010 

aoo 

19,500 
100 



52,866,835 



PBOBABLB DURATION OF THE 8X7FPLT OF KATXT&AL GAS. 

The duration of high pressures in the known fields is very short. 
There is no probabihty of the pressures exceedinff 100 pounds per 
well after ten years. The rate of decline is a peculiar one. At first 
verv rapid, it would be expected that the decline in pressure would 
follow a simple rate, but it does not. Many wells are still showing a 
slight but appreciable yield by pumping them after the pressure be- 
came negli^ble. The yield from these low-pressure wells is surpris- 
ingly persistent. Evidently the territory drawn upon by them is 
much larger than was expected. The pumping of natural ^as in 
order to utilize the entire supply is the most hopeful element m the 
outlook for a continued supply. It is this feature which made possi- 
ble the use of a larger quantity of natural gas last year than the 
J^ear before. The outlook is that natural gas will be utilized for as 
ong a period as has already elapsed since the industry began, with 
the greater part to be furnished by the Mid-Continent field. 



HATUBE AND EXTKNTT OF WASTE IN THE EZTBACTION OF 

NATU&AL GAS. 

Waste of natural gas will be divided into three classes : First, waste 
incident to the discovery of a natural-gas field; second, waste in oil 
production ; third, waste in consumption. 

WASTE FROM HIGH-PBESSUBE WELLS. 

It has been a common experience in the discovery of a gas field 
to encounter pressures so great as to lead to great difficulty in cap- 
ping, and thus confining the gas until needed. Noted instances of 
this were the Homewood well near Pittsburg, the Karg and Adams 
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wells in Ohio, the Caney Fork well in Kansas, and, more recently, the 
wells of the Caddo field in northwestern Louisiana. Individual wells 
among these have wasted as much as 25,000,000 cubic feet per day, 
or sufficient ^s to supply the entire consumption of three cities the 
size of Washington, D. C. In the Caddo field at the present time the 
waste of this character is estimated at 70,000,000 cubic feet per day. 
In this case wells are drilled through the gas-producing stratum in 
search of petroleum, which is usually found a few hundred feet below. 
The natural gas is cased off, but usually, owing to lack of skill on 
the part of the driller and indifference to the waste of gas, the 

Ks escapes around the casing in increasing volume as the earth is 
)sened from around the pipe, and finally the force of the gas is 
sufficient to blow the casing entirely from the well. This has hap- 
pened in four wells already in the Caddo field. When a well is thus 
" blown out " little effort has been made to close it. It has been the 
practice to set fire to the gas for an advertisement to the region. 

WASTE OF GAS FROM OIL WELLS. 

The production of more or less gas is incident to the drilling of 
all oil wells, and in most of them, by the time the petroleum-bearing 
sand is reached, the escape of gas is very great. Taken altogether^ the 
waste of gas by this means is much greater and much more dimcult 
to prevent than the waste from high-pressure gas wells. 

In the first days of oil-well drilling in Pennsylvania, natural gas 
was a nuisance and a menace-to the oil producer. This menace became 
greater with the volume of the gas. It developed a hostility toward 
natural gas on the part of the oil-well driller, which has increased 
rather than diminished up to the present time. It is to this hostility 
that the present waste or natural gas in oil regions is due. When 
natural gas was encountered in a sand above the expected oil stratum, 
it always cost considerable money to case it off and pack it in order to 
continue the drilling, and frequently caused explosions, tearing out 
the side of the well and occasionally blowing out the casing, causing 
the ruin of the enterprise. Every oil well now drilled includes in its 
outfit pipes connected with the casing for carrying the natural gas 
to a safe distance. Frequently it is burned to get rid of it, sometimes 
under the boiler to supply power for the well drilling and pumping. 
This practice has become so general that it is a common custom to pay 
$5 per twenty-four hours for the power for a well-pumping station. 
When the natural gas contains appreciable amounts of hydrogen sul- 
phide, with the consequent injury to health, its presence is propor- 
tionately less welcome. 

It is difficult for the oil-well driller to obtain a prompt and profit- 
able market for the natural gas, whereas with oil it is only necessary 
to connect the well to a taii, and the cash for the product can be 
obtained within a few hours. Occasionally, when the pressure due to 
natural gas is greatly relieved, oil is found. The oil-well driller has 
accepted this exceptional case as a rule, and is apt to give all possible 
vent to the gas in the hope of its being followed by the desirea petro- 
leum. As to the amount of natural gas which is being wasted daily, 
no accurate statistics have been attempted^ and the judgment of I)r. 
I. C. White, « state geologist of West Virginia, may well be accepted, 

^'Conference on the conservation of natural resources* White House, " Waste 
of fuel resources,*' p. 5. 
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to the effect that no less than 1,000,000,000 cubic feet of gas are wasted 
every twenty-four hours. Of this undoubtedly the larger part is 
wasted in the production of oil. Pumping the oil leaves the wells 
more or less open, and prevents any carerul saving of the gas. 

WASTE IN CONSUMPTION. 

Directly associated with the waste of natural gas by allowing it to 
escape freely from oil and gas wells is the form of waste where the 
gas IS used, by delivering it through pipes back into the ground in 
oil wells below the oil-bearing stratum, so that it will spray the oil to 
the surface. The mixture oi oil and gas then runs into a tank where 
the oil is saved, but usually the gas is allowed free vent to the outside 
air. The lack of care in saving tJie gas after thus using it is a good 
example of the cardessness with this material prevalent in the oil 
fields. 

Where natural gas is utilized for power, heat, and the lighting of 
dwellings and has once entered the pipe lines of the distributer, the 
waste is comparatively small, and little can be said at the present time 
in regard to any serious loss due to ineffective consumj)tion. Much is 
used for lighting with incandescent mantles, an efficient use which 
leaves practically nothing to be desired. A still creater quantity is 
burned in stoves or in grates, under conditions whicn are also efficient 
For power purposes there is little excuse for burning gas under boilers 
for tne generation of steam^ when so much greater economy can read- 
ily be produced by consuming it in internal-combustion engines, and 
the adoption of the gas engine in the place of steam should proceed 
with far CTeater rapidity than at present. The following table, pre- 
pared by Dr. F. H. Oliphant in 1892,* shows that nine-tenths ot all 
the gas used could be saved by substituting internal-combustion 
engines for the kind of steam engines in use in the oil regions. 

Comparison of fuel per indicated horsepower per hour for different types of 

engines. 



Type of engine. 



Cubic feet 
of gas. 



Larn natoral-gas engine, highest type 

Ordinary nattml-gas engine 

Triple-expansion oondenslng steam engine 

Double-expansion condensing steam engine 

Single-cylinder and cut-off steam engine 

Ordinary high pressure, without cnt-ofT, steam engine . 
Ordinary oil well pumping steam engine 



9 
18 
16 
30 
40 
80 
130 



MBTHODS OF PBEVENTING OB LESSENING THE WASTE OF 

NATUBAL GAS. 

What has been said above concerning the substitution of gas 
engines supplied with natural gas, instead of burning natural gas 
under steam boilers, is a matter of small moment compared with the 
prevention of escape of natural gas into the air. Our total con- 
sumption of natural gas in the United States in 1907 was 404,000,- 
000,000 cubic feet per year, whereas the amount wasted — not burned 

•Mineral Resources, 1892. r^^^^T^ 
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at all — ^was estimated at practically the same amount. Thus only 
half of all the natural gas actually produced goes to any useful 
purpose. This waste should furnish light for half the urban popu- 
lation of the United States. Rwnedy for this waste by legislation 
has been extremely effective in Indiana, Ohio, and Pennsylvania. 
Only a part of the credit for stopping natural-gas waste is due to 
legislation, much credit being due to the natural-gas companies 
themselves for taking the initiative in this reform and carrying it 
out with most commendable vi^r. As a result, the waste of natural 
gas in these States has practically ceased. Great precautions are 
now used for the suppression of every flambeau or open gaslight. 
They are only to be seen at the present time occasionally in con- 
nection with the drilling of oil wells. These precautions in late 
years have not been due so much to legal restrictions as to the 
efforts of the natural-gas distributers to economize in every direction 
in the saving of natural gas. The laws of Pennsylvania, West Vir- 
ginia, Ohio, and Indiana call for the efficient capping or every nat- 
ural-gas well when not in use. This, however, does not prevent the 
escape of natural gas where it is an incident of oil production. In 
this field a more practical plan will depend on the cooperation of the 
natural-^s and oil-collecting companies, by which the dil producer 
may receive pay promptly for natural gas to be collected by the nat- 
ural-gas companies from his oil well. In West Virginia the oil- 
collecting companies and the natural-gas collecting companies are 
usually simply branches of the same company, and this plan of col- 
lecting gas from the oil wells is already being carried into effect. 
The ingenuity and watchfulness of the naturS-gas companies has 
effected far greater saving in natural gas than was believed possible 
five years ago. The result is in evidence from the gain in production 
in Pennsylvania and West Virginia, where high pressures nave prac- 
tically ceased. 

EXTENSIONT OT NATU&AIi-GAS STTPPLIES. 
PREVENTION OP WASTE IN EXTRACTION AND IN USB. 

It is of prime necessity that the laws concerning the capping of 
natural-gas wells, which have had such good effect in the principal 
oil and gas producing States, should be extended to the newer fields 
in the Southern and Southwestern States, and that the most radical 
measures should be taken to promptly suppress the great waste in 
these fields at the present time. When effective laws are in operation 
controlling the escape of gas from high-pressure wells, the problem 
will be reduced to saving the gas from the oil wells — a problem 
which can be solved only by affording a prompt and efficient market 
for the gas, even when produced in small quantity. Meantime, the 
problem of compressing natural gas in steel cylinders for small- 
scale transportation is receiving much consideration. Within the 
next few years success will undoubtedly be attained in returning the 
natural gas to reservoirs within the earth, which have proved to be 
sufficiently tight to hold the gas under heavy pressure. Experiments 
in this direction, costing more than $125,000, are being carried out 
in Ohio. 
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INCBEA8IN0 EFFICIENCY IN USB. 

This has already been sufficiently referred to in a previous para- 
graph. 

DISC0\1BRY AND DEVRIX)PMENT OF SUBSTTTUTES. 

Unlike petroleum, natural ^s can be replaced efficiently, at least 
for all practical purposes, by ruel gases produced by methods which 
are already well understood and are being studied with great care 
W the tecnnologic branch of the United States Geological Survey. 
This substitution of fuel gas is well understood. The replacement of 
the artificial gas for the natural will regularly follow the trade rela- 
tion of price. It is known that many large culm banks and other 
amounts of refuse coal are already owned by the natural-gas com- 
panies in anticipation of their utilization at the place where they 
occur, for making and distributing gas to distant points of consump- 
tion. This long-distance transportation of natural gas has been oe- 
veloped cm so large a scale between West Virginia and Cleveland, 
Ohio, that the transmission of fuel gas over long distances is now also 
being studied as a certain feature of future industrial progress. 
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PEAT RESOURCES OF THE UNITED STATES EXCLUSIVE OF 

ALASKA. 



By Charles A. Davis, 
United States Geological Survey. 



Peat as a source of fuel and power, as well as the raw material upon 
which may be based a number of industries, has but recently attracted 
general attention in this coimtry. It has, however, long been used in 
northern Europe, where it is estimated that in the neighborhood of 
10,000,000 tons prepared in various ways are consumed as fuel an- 
nually, and smaller amounts are used as stable litter, for sanitary pur- 
poses, and in various trades and arts. 

It has been assumed by engineers, economists, economic geologists, 
and others, because of the abundance and cheapness of good coal and 
wood in the United States, that peat could not be used profitably in 
competition with them, at least for a long time to come. 

Recent developments in the utilization of low-grade fuels in pro- 
ducer-gas engines, and the very considerable successful use of peat 
for the generation of fuel, illuminating and producer gas in Sweden, 
Germany, Russia, and other coimtries of Europe, have made a 
marked impression on those scientists and others in America who 
have followed the march of events in this direction, and these develop- 
ments have aroused new interest in the possibility of using peat as an 
auxiliary fuel. 

Already preliminary experiments have been made by the techno- 
logic branch of the United States Geological Survey with a large 
gas producer, which confirm the reports of foreigji success in this 
direction, showing that some peats of American origin are little in- 
ferior to many grades of bituminous coal now on the market, and 
superior to some in the quantity of producer gas to be derived from 
them and in the calorific value of the gas. 

Still more recent than this work is the report from Germany that 
by the investigations of Doctors Frank and Caro it is possible to 
recover a large part of the combined nitrogen contained in peat, 
while it is being converted to gas in the gas producer, as ammonium 
sulphate ; and that where the nitrogen is present in amounts slightly 
above 1 per cent of the dry matter of the peat, the quantity of ammo- 
nium sulphate obtained pays the expenses of maintaining the plant, 
of gasifying the peat, and a profit besides, leaving the gas as an addi- 
tional profit. As many American peats have more than 2 per cent 
of combined nitrogen and a considerable number of analyses show 
above 3 per cent^ it is probable that in the near future peat beds will 
be profitably utilized for the production of power and ammonium 
salts in the United States. 
476 
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This is the more likely when it is considered that the region of 
most abundant occurrence of peat in large deposits lies along the 
northern border of the country and in me eastern Coastal Flain. 
There are also smaller areas where it is found, as in the western 
mountains and in the moister portions of the Pacific slope. The 
States containing the greatest amoimt of peat are the eastern Dakotas, 
Minnesota, Wisconsin, Michigan, northern Iowa, Illinois, Indiana 
and Ohio, New York, the New England States, New Jersey, the 
coastal portions of Virginia, North and South Carolina, Georgia, and 
practicsuly all of Florida. It is also assumed that there are workable 
peat beds in the swampy parts of the Gulf States and in those portions 
of the flood plain of tne Mississippi remote from the stream. 

It will be noted that these regions of frequent occurrence of peat 
are practically all outside of the coal fields, with the exception of 
Michigan, where, as is well known, the coal basin has not been found 
to be productive except in limited marginal areas, very small in com- 
parison with that of the entire basin. 

As a sign of the times it may be stated that work is about to begin 
in Florida on a plant for generating electric power by producer-gas 
engines using air-dried peat as fuel, the power to be transmitted to 
Jacksonville. Aside from other phases of the question it should be 
remembered that peat can be mined and prepared for the gas pro- 
ducer by the simplest and most inexpensive equipment, and with a 
minimum of danger, since all of the workings are open cuts made by 
the use of spades, or of ordinary excavating or dredging madiinery, 
so that none of the dangers of underground mining are encountered. 

On the other hand, the great drawback in the preparation of peat 
for fuel or other uses has always been and continues to be the fact 
that it contains from 85 to 90 per cent or more of water as it comes 
from the beds, and that the greater part of this water can not be 
pressed out but must be removed by evaporation. Peat which is air 
dry contains from 15 to 25 per cent of water, and its theoretical effi- 
ciency is lowered thereby in nearly direct proportion to the amount 
of water present. 

In gas producers of recent tvpes, however, it is reported that peat 
with 40 per cent water has been used with success, and for this 
purpose the question of excess of water has apparently been solved 
by plowing or digging up the peat and allowing it to dry out by 
exposure to the wind and sim on the surface from which it is taken. 
In Florida, even in midwinter, peat taken from below the water 
level, ground in a pug mill, and afterward spread over a drying 
ground in a layer 8 inches thick, dries to the air-dry state in about 
three weeks, and is ready for use in a gas producer in less time. 

The question of artificially drying peat for fuel has received and 
is now engaging the attention or able engineers and inventors, and, 
in the opmion of many, the successful solution of this problem is 
necessary before any considerable increase in the use of peat for 
ordinarv fuel can be expected. 

Briefly stated, the matter rests upon the finding of a way to handle 
peat witii about 90 per cent of water rapidly and cheaply enough so 
that the 250 pounds of salable material, which will result when it has 
reached the air-dry state, will pay the cost not only of the processes 
of preparation, but also of management, amortization^ and selling, 
and return a profit on the original investment. Attentipij should he 
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called to the fact that if peat with 90 per cent water has its mois- 
ture content reduced to 40 per cent, it loses more than half of its 
content of water, and that this amount is readily extracted by very 
simple and inexpensive processes. 

In Europe, peat is prepared for fuel in several ways designed pri- 
marily to render it transportable and efficient as a source ol energy. 
As cut peat it is used extensively for domestic purposes in the form 
of air-dried sods or blocks cut by hand with, specially designed 
spades. A more compact and efficient fuel is made by more or less 
thoroughly macerating the peat and pressing it into molds, after 
which it is dried by spreading the blocks (m uie ground, exposed to 
sun or wind, or by finding it in a specially constructed pug mill 
similar to that used m grinding clay ror making bricks. The peat 
is ground wet as it comes from the beds, and delivered from the mill 
in the form of wet bricks, which on exposure to the air and sun's 
heat for some time become dry, firm, tough, and nonabsoii)ent. This 
is machine peat, which is rated the most generallv successful form of 
peat fuel for domestic and boiler use on the markets of Europe. As 
marketed, this product contains from 20 to 25 per cent of moisture 
and has, theoretically, about 66 per cent of the fuel value of the same 
weight of good bituminous coal when burned in stoves or under 
boilers, but practically, because of the lack of waste of the peat, 
in the form of ash, smoke, clinker, and imconsumed portions, its real 
value is higher than is indicated by comparison of the possible heat 
units to be obtained. 

As peat briauets the material is more compact, bums more slowly 
and persistently, and stands transportation and handling well. The 
peat IS dried thoroughly, powderea, and briquetted, either without or 
with a binder or in mixture with coal or lignite. 

An increasing amount of peat is manufactured into charcoal or 
peat coke, especially in Germany, where it is used somewhat exten- 
sively as a substitute for wood charcoal in smelting iron and in other 
metallurgical processes, including the refining of copper, steel making, 
etc. Of the processes so far developed for the manufacture of peat 
coke none have proved profitable on a commercial scale, except such 
as condense the distillates and recover a series of by-products similar 
to those obtained by the destructive distillation of wood, viz, fuel 
gases, methyl alcohol, acetic acid, lime acetate, ammonium salts, tar 
and its derivatives. This process involves large preliminary invest- 
ment and the maintenance of costly plants, but where a good market 
can be found for the by-products this seems to be justified, according 
to imbiased and trustworthy reports from Europe. In preparation 
for coking, the peat is treated exactly as if it were to be ^old as 
machine- pressed peat and is stored in open sheds until needed for the 
coking retorts. 

An increasing amount of peat in the form of powder burned with 
blast burners is used abroad for firing under boilers and in brick and 
cement burning; where properly prepared and the firing rightly 
controlled it approaches theoretical efficiency when used in this way. 

The production of gas from peat, as has been stated, has passed 
beyond the experimenbd stage, and peat gas is used for mettalurgical 
purposes, boiler firing, making lime and brick, and to some extent in 
making glass, while a rapidly growing number of produoer-gas plants 
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for using peat are being installed for generating electric power for 
transmission directly from the larger peat deposits to centers of use. 

In view of all of these considerations the following estimates of the 
peat resources of the United States have been prepared with the view 
of at least directing attention to the very considerable source of 
wealth to the nation which is now lying entirely undeveloped in the 
swamps and bogs of the country. It wiD also be noted in considering 
the possibilities of the peat deposits that thev furnish potential sub- 
stitutes for wood in various departments of industry, and in some 
considerable degree in these directions may relieve the drain upon the 
vanishing forests. 

In making the estimates given below it has been the aim of the 
writer to be conservative in every detail, and it is believed that in no 
case will they be found too optimistic. 

The total swamp area of the United States^ exclusive of Alaska, is 
estimated to be 139,855 square miles.® Of this 8 per cent is assumed 
to have peat beds of good quality, or 11,188 square miles. The peat in 
this area is assumed to average at least 9 feet in depth and to contain 
200 tons of dry fuel per acre for each foot in depth, or a total of 
12,888,500,000 tons. Its value, if converted into machine peat bricks 
at $3 per ton, would be $38,665,700,000. The value if coked and the 
by-products of distillation saved would be as follows : 

Quantity and value of peat coke and hy-producta from peat deposits of the 

United States. 

Product in tons. Value. 
IVMtcoke 3, 00 •126,005,366,000 

SffiS<«t'::::::::::::::::::::::::::::::::::::::::::::::::;::::::: So } *.*7*,^.^ 

Parafllnwax 00 3,479,900,000 

Phenol 00 66,345,100,000 

Asphalt 00 824,900,000 

Wood alcohol 00 7,844.000,000 

Acetic acid 00 2,288,800,000 

Ammoniuin sulphate 00 2,777,400,000 

CombusUble gases 00 6,501,300,000 

• Charcoal price. At coke price the value would be $9,924,200,000. 

The better grades of peat coke are nearly free from sulphur and 
phosphorus, and may be used wherever hard-wood charcoal is re- 
quired. The quantity of wood required to make charcoal equivalent 
to the amount of the peat coke given in the estimate would be approxi- 
mately 8,019,800,000 cords. The uncondensable gas given off from the 
retorte while the peat is being converted to coke has good fuel value, 
the maximum being about 300 B. t. u. per cubic foot, and has been 
successfully used for heating the retorts and for other fuel purposes. 

If converted into producer gas by the most recently developed 
processes, so that the combined nitrogen of the peat is converted into 
ammonia and fixed as ammonium sulphate, there would be possibly 
available 619,257,511,000,000 cubic feet of producer gas, with a cal- 
orific value of 145 B. t. u. per cubic foot Assuming 1.5 per cent of 
nitrogen as an average content of the peat, which is low, since many 
analyses show more than 3 per cent, 100 pounds of ammonium sul- 
phate to the ton of peat treated in the gas producer could be obtained. 

« Sixtieth Congress, first session, S. Doc. 161. 
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On this assumption there is stored up nitrogen enough in tiie peat 
to supply at least 644,400,000 tons of ammonium sulphate, haying a 
value of "^$36,732,400,000, in addition to the gas produced. 

Recent tests reported from Europe show that from 2 to 2.5 pounds 
of peat will produce an effective horsepower per hour, if reduced to 

fis in a properly designed gas producer and used in the gas engine, 
aking the larger amount, U> be conservative, it is evident that there 
is stored up in the peat beds of the country, as estimated above, 
energy sufiicient to develop 10,310,860,800,000 effective horsepower 
hours. 

In Europe ^eat quantities of the more fibrous tvpes of peat are 
manufactured into stable litter, for bedding live stocK, and peat mull, 
or powder, for absorbent and sanitary uses. Of this class of material 
it IS estimated that there are at least 2,578,000,000 tons available. 
This class of material is superior to straw and other substances now 
generally used for the purpose, and would readily bring $10 per ton, 
or the whole amount has a prospective value of $25,780,000,000. Tlio 
only factory (located in Indiana) now making a product of this class 
in the United States sells its entire output of several hundred tons 
per annum at about $12 per ton. 

A single plant for making paper from peat is in operation in Mich- 
igan. Possibly 5 per cent of the total amount of the peat of the coun- 
try is suitable for this purpose, or 644,400,000 tons. The use of this 
material would reduce the consumption of wood for the purposes of 
making coarse papers and pasteboard, by whatever amount it dis- 
placed wood pulp in the manufacture of such materials. 

In the United States peat is being somewhat extensively manu- 
factured into fertilizer filler, material used in making various grades 
of artificial fertilizers in which slaughterhouse and other refuse ani- 
mal matter rich in nitrogen are ingredients or in which hygroscopic 
mineral compounds are used. Peat in the form of dry powder is 
especially adapted to this use, since it absorbs water and ammonia 
readily, is a aeodorizer, and to a considerable extent prevents fer- 
mentation and decomposition. At the prices now obtained for peat 
suitable for this purpose in the form of dry powder, and considering 
one-half of the total amount suitable for the purpose, its value is 
estimated to be $38,666,000,000, or about the same as the valuation of 
the whole for ordinary fuel. 

Ethyl or " grain " alcohol has been made from the less thoroughly 
decomposed peats in Denmark and Sweden at a cost estimated at 
about 47 cents per gallon. 

If 10 per cent of the entire body of peat in the country can be 
used in this way, about 70,900,000 tons of alcohol can be obtained 
from peat. It must be said in passing that this process is as yet 
hardly past the experimental phases. 

Artificial wood, a fireprooi or slow-burning composition of peat 
and mineral cements, has been made in Germanv on a small scale for 
paving blocks and similar uses, as well as for larger structural pur- 
poses, as a substitute for wood or stone in buildings. About 10 per 
cent of the entire peat deposits of the United States may be suitaole 
for this composition, or 1,288,800,000 tons, the use of which would re- 
lease an equivalent amount of sawed lumber for other uses or to be 
held in reserve against future need. 
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Fibrous peat^ properly cleansed of the finer material associated 
with it, is nnding a constantly growing use in Europe as packing 
material for frague or perishable articles, and for protecting and in- 
sulating water and other pipes subjected to the liability of treezing. 
The peat best adapted to this use is too light in weight and too loose 
in texture for fuel manufacture, and may be estimated to occur to 
the amount of 500,000,000 tons, with a market value of $3,000,000,000, 
displacing excelsior, hay, straw, paper, and other similar materials 
which are now used. 

Fabrics of various qualities and kinds, mattresses for hospitals, 
and fiber for surgical and other asceptic dressings and as a substitute 
for silk in cloth weaving have been made from certain grades of peat, 
but the market is so well supplied with other products for the same 
purpose, which are of as good or better quality, that the use of the 
peat products has never reached any extensive commercial scale and 
does not seem likely to do so in the near future. 

It is clearly apparent, however, that in the peat beds of the United 
States there lies undeveloped — even entirely untouched — a vast 
amount of raw material from which may he derived, by intelligent 
and conservative exploitation, fuel, power, fertilizing material, and 
the raw materials from which may be made a number of valuable 
products, all of which will serve to supplement other resources which 
are now known to be limited in quantity. Bj^ utilizing these re- 
sources also the wealth of the nation may be possiblj^ increased by the 
not inconsiderable sums which represent the potential cash value of 
the peat beds and their products, and an equivalent amount of other 
material will be rendered free for other purposes. 

ABSTRACT OF ESTIMATE OF THE PEAT BESOUBCES. OF THE 

UNITED STATES. 

Peat, a fuel used in Europe to the amoimt of 10,000,000 tons per 
annum, is an almost unknown material in the United States, although 

Sossessing properties which make it an excellent domestic fuel and 
esirable for gas production on a large scale. 

As the area of the peat beds in the United States, and the quantity 
of workable material which they contain, is almost unknown, the 
estimates submitted are but rough approximations. The following 
are sources of information used here: (1) Publications and topo- 
graphic maps of the United States Geological Survey; (2) reports 
of me state geological surveys of New York, Michigan, lowa^ Indi- 
ana, Massachusetts, and New Jersey; (3) cooperative reconnaissance 
peat surveys undertaken by the United States Geological Survey and 
the state surveys of Connecticut^ Maine, and Wisconsin; (4) personal 
observation of the writer in various parts of the country. 

The total area of swamp land is estimated by the United States 
Geological Survey « to be 139,855 square miles. The writer estimates 
8 per cent of this to have peat beds which would average 9 feet deep, 
or 11,188 square miles, with an average possible production of 200 
tons of dry fuel per acre- foot, or a totaiof 12,888,500,000 tons. 

The greater part of this material occurs in that part of the country 
without productive coal fields, in eastern North and South Dakota, 

« Sixtieth Congress, first session, S. Doc. 151. 
72539— S. Doc. 676, 60-2, vol 3 31 
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Minnesota, Wisconsin, Michigan, New Tork, and the New England 
States, in northern Iowa, Illinois, Indiana, Ohio, in the coastal plain 
region^ in eastern New Jers^, Virginia, North and South Carolina. 
Georgia, and the whole of Florida. The swamp areas of the Guli 
States and of the flood plain of the Mississippi River, as well as those 
of the Pacific States, easo contain workable peat beds, but in none of 
these is there anv considerable overlapping of the peaty areas into 
workable coal fields. 

It is estimated that, in the vicinity of the beds, this quantity of 
peat would have a value of $3 per ton in the form of air-dry blocks, 
or a total of $38^665,700,000, and that once established on a commer- 
cial basis the entire product would find ready sale as fast as produced. 
If this peat were aU used in by-product gas producers, to this value 
as fuel may be added the value of 644,400,000 tons of ammonium sul- 
phate, which at present prices would be worth $36,732,400,000. 

Peat has been successfully used as a source of producer gas, of a 
form of charcoal or coke, of various by-products from the coke retorts 
similar to those obtained from wood distillation, of fuel and illumi- 
nating gas, of fertilizer filler, and of paper, litter for stables, and 
packing materials. In these forms the prospective value of the total 
peat of the country is much larger than as peat fuel. 
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IRON ORES OF THE UNITED STATES. 



By O. W. Hates, 
United States Geological Survey. 



INTBODXJCTION. 

No previous inventory of the iron-ore supplies of the United States 
in any detail has ever oeen published, and the present one must be 
considered only a first approximation which will be materially modi- 
fied as new quantitative data are made available by future public and 
private investigations. The estimates of ore supplies given in this 
paper are not based upon the judgment of any individual, but so far 
as possible represent the consensus of opinion of those best qualified 
to form an opmion. C!ordial cooperation in making up the estimates 
has been given by officers of private corporations and the several 
state geological surveys and by economic geologists and mining 
engineers generally. Special acknowledgments are due to Messrs. 
W. N. Merriam, C. K. Leith, D. H. Newland, H. M. Beuhler, W. S. 
Baylev, T. L. Watson, R. C. Hills, and J. F. Kemp, who have fur- 
nished information which could not have been obtained from any 
other source. 

CHEMICAL CLASSIFICATION. 

The commercial ores of iron, on the basis of chemical composition, 
fall into two main classes, i. e., oxides and carbonates. The latter 
class is relatively unimportant, furnishing in the United States less 
than one-twentieth of 1 per cent of the annual production. The 
oxides are further separated, according to the proportion of oxygen 
and combined water which they contain, into three classes. The 
chemical and commerciltl classification is therefore as follows: 

1. Magnetite.— MsLgaetic oxide, Fe304, including titaniferous mag- 
netite. Theoretical iron content, 72.4 per cent. Generally containing 
some hematite. 

2. Hematite. — ^Anhydrous sesquioxide, FejO,, includinff specular 
and red hematite, red fossil ore, oolitic ore, etc. Theoretical iron con- 
tent, 70 per cent. 

3. Brown ore. — Hydrous sesquioxide, Fe304nH20, including tur- 
gite, limonite, goethite, or a mixture of these minerals, known locally 
as brown hematite, bog ore, etc. Theor^ical iron content, 59.8-66.2 
per cent 

4. Carbonate. — Siderite, iron carbonate, FeCOj, known locally as 
spathic ore, black band ore, kidney ore, etc. Theoretical iron con- 
tent, 48.2 per cent. 
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GEOLOGIC CLASSIFICATION. 

In their geologic relations and mode of occurrence the iron ores 
may be further dassified as follows : 

1. Mayrrbatic segregations in basic igneous rocks. — ^The titaniferous 
magnetites of the Adirondack region represent this type. A charac- 
teristic of such deposits is the perfect gradation from the ore into the 
surrounding rock oy an increase in the gangue, which consists of the 
same minerals as the associated igneous rock. The deposits are of 
great size and present large possibilities of utilization by concen- 
tration or with modification of furnace practice which will permit 
their economical reduction, 

2. Contact deposits^ formed in connection with the intrusion of 
igneous rocks at their contaxit with the intruded sediments^ generaUy 
limestones, — These appear to be due to ascending heated waters and 
vapors ^ven off by the cooling igneous rock. The ores include both 
magnetite and hematite. Typical examples are the Cornwall de- 
posits of Pennsylvania and many of the western iron-ore deposits, as 
those at Hanover, N. Mex., and Iron Springs, Utah. 

3. Concentration deposits. — These include all forms of the oxide 
ores in which the iron, originally disseminated through the rocks, has 
been dissolved, transferred, and redeposited by circulating waters. 
It includes most of the brown ores of the Appalachian region in which 
the iron was originally disseminated through a great mass of lime- 
stones and shales and has been leached out and concentrated by sur- 
face waters during the erosion of these rocks. In some cases the iron 
was probably deposited as carbonate or sulphide and subsequently 
changed in place to hydrous oxide. It includes the bog-ore deposits, 
which have been formed or are now forming in swamps, to which 
iron is brought in soluble form as organic compounds and precipi- 
tated by the creaking up of those compounds through oxidation. 

4. Replacement deposits. — ^These are closely related to the concen- 
tration deposits, the principal difference being that the ore-bearing 
solution has derived the iron from an outside source and deposited 
it in place of some definite portion of an original rock series, gener- 
ally a limestone. They include all classes of ores, both oxides and 
carbonates, their composition depending on the conditions of deposi- 
tion and the subsequent alterations which they have undergone. An 
example of this type is the so-called Oriskony ore of Virginia, In this 
case the iron derived from a great mass of overlying shales has been 
carried in solution, and where structural conditions were favorable 
deposited in place of a certain easily soluble bed of limestone for a 
variable distance from its outcrop. 

5. Bedded deposits. — ^These include all deposits in which the ore 
forms tabular or lenticular bodies which lie parajlel to the bedding 
or foliation of the inclosing rocks. Their origin may be diverse, but 
their common characteristic is great lateral extent compared with 
thickness. • In many bedded deposits, though not in all of them, the 
ore is sharply differentiated from the surrounding rocks. Magnetite 
deposits or this type are the Adirondack ores associated with meta- 
morphic sediments and with gneisses of uncertain origin. Of the 
hematite deposits of this type are the enormous deposits of the Lake 
Superior district, where certain beds of the iron formation have been 
enriched both by the removal of silica in solution and by the depo- 
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sition of additional iron. It also includes the gray specular ores of 
Alabama, which are associated with Cambrian and pre-Cambrian 
slates and sandstones, and the important red ores, fossil and oolitic, 
which form remilar sedimentary beds, differing only in composition 
from associated Silurian sandstones and shales. Of tile carbonates 
it includes the black-band ores, which occur as layers of nodules or 
continuous beds associated with the " Coal Measures " in Ohio and 
Pennsylvania. 

6. Gossan deposits. — Iron sulphides tend to oxidize with loss of 
sulphur when exposed to surface weathering, and deposits of pyrite 
ana pyrrhotite are therefore generally covered with a deposit of re- 
sidual brown ore, which extends down to the level of permanent 
ground water. Examples of this type are the brown ore on the out- 
crop of the pyrrhotite veins at Ducktown, Tenn., and the iron-ore 
capping of many metalliferous veins in the West. 

Kef erred to the ultimate source of the material, it may be stated 
in general that the iron ores are derived from the iron minerals either 
segregated or disseminated in igneous rocks or the iron minerals de- 
posited by igneous emanations, which have been worked over in 
varying degrees by the agents of weathering and sedimentary and 
chemical deposition at the surface of the earth. Iron comjwunds ai*e 
among the most stable substances under surface conditions, and hende 
the net result of the changes at the earth's surface is to concentrate 
iron minerals mechanically and chemically as compared with asso- 
ciated minerals. 

VALUE 01* ESTIMATES. 

An understanding of the above chemical and geologic classifica- 
tions of iron ores is essential for an appreciation of the limitations 
and uncertainties of any estimate of the ore supplies of the country. 
It will be readily understood that with the great diversity in type 
of deposits there must be a very wide difference in the degree of ac- 
curacy with which the ore can be estimated. The closest approxima- 
tion can be made in case of bedded deposits such as the Clinton red 
hematites. These beds vary in thickness and composition from 
place to place, but the variations are similar to those characterizing 
other sedimentary beds such as coal, and with a minimum amount 
of testing on the outcrop and at depth their contents can be calcu- 
lated with a fair degree of certainty. Certain assumptions, however, 
must always be made. Thus it is assumed that observed variations 
in composition and thickness continue with regularity between and 
beyond points of observations; also that a certain depth will limit 
workability. This limiting depth will depend upcm a variety of 
conditions which can not be determined in advance of mining, and 
hence the depth fixed upon in making calculations will be largely a 
matter of opinion^ and must be expected to change with changing 
commercial conditions. Hence it is doubtful if even the best known 
and most thoroughly tested deposits of red hematite can be estimated 
within 10 per cent of their actual yield. At the other extreme are 
the concentration deposits of brown ore. These are extremely vari- 
able both in depth and horizontal extent. Surface indications are 
thoroughly unreliable, and those most experienced in working such 
deposits are practically unanimous in the opinion that no deposit can 
be safely estimated imtil every ton of ore has been min^ Under 
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such circumstances the estimates given below of ore remaining in 
this class of deposits can only be regarded as having a degree of accu- 
racy represented by a factor varying between 0.7 and 3. 

Intermediate between these extremes are the most important depos- 
its, including those of the Lake Superior and Adirondack districts. 
The former by reason of their greater regularitj^ and the thoroughness 
with which they have been tested may te considered as known within 
15 or 20 per cent. The latter are much less fully tested, and estimates 
of their probable yield are based upon assumptions which further 
development may prove to be erroneous. Estimates of the western 
ore deposits vary in value because of inherent uncertainties due to the 
nature of the deposits and to the very unequal information oonoem- 
ing different districts. 

AVAILABILITY. 

Any estimate of the iron-ore supplies of the United States must 
separate the ores into two classes on the basis of availability. This 
separation is difficult, and opinions vary widely as to where the 
line should be drawn. Evidently the question is one of costs: 
(a) The cost of the ore delivered at the furnace and (6) the cost 
of reduction. Actual production, past and present, being determined 
by the interaction of various factors, affords the best criteria of 
availability. 

The two factors which enter most directly into the cost of ore at 
the furnace are accessibility and mining conditions. Many iron-ore 
deposits are known in regions so remote from fuel supply and from 
transportation lines that they may be considered unavailable at 
present or so long as they are compelled to compete with more accessi- 
ble ores. At the same time they must be taken into account in con- 
sidering the total reserves, for accessibility is only relative and no 
deposit, if sufficiently large to warrant the expenditure necessary for 
constructing roads, can be regarded as permanently inaccessible. 
Distance from fuel is, of course, a more serious drawback than 
absence of present means of transportation, while those supplied with 
water transportation will bear a longer haul than those carried en- 
tirely by rail. 

Mining conditions may be such as to make the cost of raising the 
ore prohibitive at present. Such conditions are limiting deptJis 
beyond which mining, on account of the amount of water, may become 
very expensive, or thinness of the beds which necessitates a large 
amount of dead work. These conditions apply particularly to t£e 
Clinton ores and explain the difference between the total amount 
proved in these deposits and the amount considered at present avail- 
able. Many deposits of brown ore can be worked cheaply in open 
pits for a certain distance from the surface, while the cost of strip- 
ping or of timbering to hold back the inclosing clay prevents their 
working to greater depths. 

Another find of limiting conditions arises from the fact that in 
many cases the ore is mixed with foreign material from which it must 
be separated. Thus many of the brown ores consist of small concre- 
tions scattered through clay, and a large amount of material must 
be passed through the washer to obtain the ore in suitable condition 
for the furnace. The ratio of ore to ^ay in deposits now being 
worked varies from 1 : 5 down to 1 : 20. Wnen conaition^ permit the 
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lowering of this ratio still further, large quantities of ore will be 
available in material which can not now be worked at a profit. 
Similar conditions control the availability of many of the magnetic 
deposits, except that here the objectionable elements are other min- 
erals that are closely associated with the iron and must be separated 
by magnetic methods. The concentrated material is a high-grade 
ore, and the ratio of available to nonavailable in these deposits de- 
pends wholly upon cost of the process of concentration which they 
will bear in competition with other ores. 

The second consideration affecting availability is the character 
of the ore itself. The content of metallic iron in ores used at present 
varies from 30 to 65 per cent. This wide variation is due m part 
to the nature of the other elements in the ore and in part to advan- 
tageous location. Thus the Clinton ores, containing as low as 30 per 
cent iron, can be used with advantage, oecause the lime which they 
contain makes them practically self-luxing. At the same time they 
must be used near the point of production, since the low content of 
iron will not permit long transportation in competition with richer 
ores. On the other hand, siliceous ores containing less than 40 per 
cent iron are not considered at present available unless their location 
near the fuel is exceptionally favorable, since the cost of tran^orta- 
tion per imit of iron is excessive and since a large amount of luel is 
required to remove the silica. But there are enormous quantities of 
sihceous ore caririn^ from 35 to 40 per cent iron, particularly in the 
Lake Superior district, and this must be taken mto accoimt as a 
future reserve, though not at present available. 

In the case of the titaniferous magnetites the ratio between the 
available and not available is difficmt to determine. While these 
ores have been used only to a limited extent because of the difficulties 
attending the fluxing of the titanium, it seems probable that these 
difficulties will be overcome and a much larger use made of them 
either by employing a special flux in the furnace or by reducing the 
percentage of titanium in the charge by concentration or mixing 
with nontitaniferous ores. 

The percentage of other constituents, such as phosphorus, sulphur, 
copper, chromium, manganese, and alumina, will determine the 
method and cost of reduction and the quality of the resulting iron. 
Hence these constituents, some of which are highly deleterious, may 
determine the question of availability by limiting the conditions under 
which the ore can be reduced or the product used. 

Another factor is the nature of ownership. Where a large corpora- 
tion controls a variety of ores and is equipped to assemble them and 
form any desired mixture or grade, ores may be used with advantage 
which would not be available if held by a smaller company not m 
a position to control the situation in a large way or compelled to 
dispose of a single kind of ore in the open market. 

fiecause of the varying importance of these factors, future availa- 
bility will obviously vary in a corresponding degree and the ad- 
vantage which one district now possesses may pass to another. As 
the higher-grade ores of the Lake Superior region become depleted 
the lower-grade ores will be called upon with consequent increase in 
cost of transportation and smelting. The low-grade ores of the south- 
eastern district, at present competing with the high-grade Lake Su- 
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perior ores, will then have a decided advantage because of proximity 
to fuel supply. 

The notable present tendency in the iron industry is the lower 
average iron content in the ores used. This tendency will undoubt- 
edly continue in the future as the more easily accessible portions of 
the richer deposits are worked out. As a corollary to this is the ob- 
served tendency toward a decentralization of the iron industry, and 
with a decrease in the iron content of the ore used, involving a corre- 
sponding increase in cost of transportation per unit of iron, there 
will be an increase in the proportion of fuel which goes to the region 
producing the ore. This will oe accompanied by the general adoption 
of by-product coking. It is an instructive fact that in certain fur- 
naces now operating in the Lake Superior district the profit corre- 
sponds approximately to the value of the by-products from the coke 
ovens. 

In making estimates all of these considerations, together with the 
best forecast that can be made of conditions as they will exist in the 
next ten years, have been taken into account in determining the ratio 
between available and nonavailable supplies. 

GEOORAPHIG AND GEOLOGIC DISTRIBUTION. 

Iron being one of the most abundant elements, fourth in order of 
abundance, its natural compounds are found in practically all rocks 
and soils. To constitute an ore, however, certain of these minerals 
must be segregated into deposits of sufficient size and purity to permit 
economical working. Such deposits, considering the entire area of 
the country, are relatively infrequent. Iron ore is at present pro- 
duced in only 29 of the 47 States and Territories, and about 79 per 
cent of the production (1907) was from two States — Minnesota and 
Michigan. It is evident that the distribution of the deposits is ex- 
tremely uneven. 

For convenience of description of the ores and discussion of the 
estimates the known ore deposits will be taken up by groups based on 
distribution and kind. A few deposits are not included in any of 
these groups, but the total tonnage of ore which they contain is so 
small as to be negligible in an estimate of the total for the entire 
country. The groups of deposits to be considered are the following: 
(1) Lake Superior ores; (2) Adirondack ores: (3) Clinton ores; 

!4) Appalachian metamorphic ores; (5) Appalacliian brown ores; 
6) Appalachian carbonate ores; (7) West Tennessee brown ores; 
8) East Texas brown ores; (9) Ozark ores; (10) Rocky Mountain 
metamorphic ores; (11) Igneous contact ores. 

(1) LAKE SUPERIOR ORES. 

[Based on Information furnished chiefly by C. K. Leith.] 

OBOLOOIC RELATIONS. 

The Lake Superior ores, chiefly hematites with subordinate amounts 
of magnetite, constitute approximately 80 per cent of the annual iron- 
ore production of the country. The total production from the region 
from its opening t© the close of 1907 has come from the ancient folded 
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and metamorphosed pre-Cambrian formations in Michigan, Minne- 
sota, and Wisconsin in proportions shown in the following table: 

Geologic sources of Lake SupeiHor iron ores. 





IMstrlot. 


(Geologic horizon. 


Ststs. 


Keewattn. 


Middle 
HoronJan. 


Huronian. 


IClnottota (46.5B6 per cent). . . 


/Meeabt 


Per cent. 


Percent. 


Percent. 
30.45 


VermUion. 


7.105 








fGogeblo 




12.34 


Michigan (fiO per oent) 


Marquette 




21.00 


.^ 


Menominee, Indnding Crystal Falls, 

Iron River, etc. 
Penokee 




I&46 








1.08 


WiacoDsbi (3.908 per cent). . . . 


Menominee (Florence) 






1.20 


Baraboo. . . .' '. 






.068 













The iron formations are sedimentary deposits, nsualljr interbedded 
with slate, quartzite, dolomite, and sometimes with basic extrusives. 
They consisted originally of chert, containing beds of iron carbonate 
or of dark-green ferrous silicate ^anules. called greenalite. As a 
result of surface oxidation of the iron caroonate and greenalite, the 
great bulk of the formation within the zone of observation now con- 
sists of chert minutely interbedded with limonite or hematite, giv- 
ing a banded rock variously called ferruginous chert, taconite, or 
jasper. The average proportion of iron in these siliceous rocks is 
between 25 and 37 per cent. Numerous slate layers form subordinate 
proportions of the iron formation. 

The iron ores constitute concentrations of ore in the exposed parts 
of the iron formation, accomplished mainly by taking out the asso- 
ciated silica and leaving the iron in larger percentage, but also 
partly by solution, transportation, and redeposition of the iron 
when it is still in its soluble ferrous condition. The agents of 
alteration are surface waters carrying oxygen and carbon dioxide. 
The accessibility to the iron formation of these agents therefore 
determines the location, shape, and size of the ore deposits. The most 
favorable condition of accessibility is given by wide area of exposure 
of the iron formation, which is in turn a function of the dip. The 
flat-lying formation in the Mesabi Range exposes a greater surface 
to concentrating agents than the steeply dipping formation of similar 
thickness and character in the Gogebic range, with the result that 
the proportion altered to ore is much greater in the Mesabi district. 
A comparison of the actual areas of the different iron formations 
with their total shipments to date, and with their probable reserves, 
shows a very close relation between area and amount of ore devel- 
oped. Also determining accessibility of the concentrating agents to 
the iron formation are numerous structural conditions, such as joints 
or faults or impervious pitching basements, favorable to rapid cir- 
culation of water. Finally, the texture of the iron formation itself, 
whether dense or porous, may determine the activity- of the circula- 
tion of the waters. 

It is therefore apparent that the size, shape, depth, and structural 
relations of tlie Lake Superior ores are in widest variety. In the 



Digitized by 



Google 



490 BEPORT OP NATIONAL CONSBBVATION COMMISSION. 

flat-lying fonnations of the Mesabi Range the ore bodies have wide 
lateral extent as compared with depth, extremely irregular outlines 
partly controlled by jointing, abut irregularly on bottom and sides 
against unaltered portions of the iron formation, and when the glacial 
overburden is removed, are accessible to surface operations with steam 
shovels. In steeply dipping beds they have greater vertical as com- 
pared with horizontal dimensions, usually abut not only against 
unaltered parts of the iron formation, but against well-defined im- 
pervious walls consisting of slate, quartzite, dolomite, or bosses or 
dikes of greenstone, and in such beas underground mining is neces- 
sary. The maximum depth to which mining has extended is a little 
over 2.000 feet; the maximum horizontal extent thus far worked in 
a single mine is less than a mile, but deposits are known to connect 
for nearly 10 miles. An adequate summary of the variety of struc- 
tural features of the several districts can not be made within the 
limits of this paper. 

CHARACTEB OF THE ORES. 

The hematites and limonites making up the great bulk of the Lake 
Superior ores range in texture from soft and powdery to hard and 
crystalline. Both kinds usually have large pore space, due to the 
removal of silica by leaching. Locally, however, where the ores have 
been buried deeply in the zone of rock flowage, they have become 
dense, schistose, specular hematites and magnetites lacking pore 
space. Where the iron formation has been intruded by large masses 
of igneous rocks the ores are magnetic. The ores range in grade 
from above 60 per cent in iron down to 25 per cent in the lean parts 
of the iron formation. The average shipment for 1906 for the entire 
region was 50.8 per cent in iron. The difference between the iron ore 
and the iron formation is simply in the proportion of silica present. 

The ores mined in the Lake Superior region to date have generally 
run above 50 per cent in iron. The lowest grade shipped has 
been about 40 per cent, in the case of local ores in demand for mix- 
tures and favored bjr cheap mining and transportation. In mining 
much material running 40 per cent or even less is taken out and 
mixed with higher-grade ores to give a medium ^ade. Such low- 

?rade material therefore does not figure obviously m the production, 
he percentage of iron in the ore mined from the region has fallen 
slowly but steadily in recent years, but the major part of the ship- 
ment is likely to remain above 50 per cent for some years to some. 
In the present estimate of available ores about 50 per cent of metallic 
iron has been taken as the minimum. It is fully appreciated that 
ores below this grade are even now locally available and will soon be 
used in larger quantities, but such ores as a whole must be considered 
still as belonging to the future supply. The ore supply of the Lake 
Superior district available under present conditions is therefore 
taken to include all ore above 55 per cent iron, estimated at 2,500,- 
000,000 tons, and 25 per cent of all ore containing between 45 and 55 
per cent iron, giving a total of 3,500,000,000 tons exclusive of the 
Clinton ores. 

ESTIMATES OF LOW-GBADE ORES. 

Difficulties beset estimates of the tonnage of low-grade ores avail- 
able for the future. The lower limit of such grade must be chosen 



Digitized by 



Google 



HATSS.] 



IBON ORES. 



491 



somewhat arbitrarily, and when it is chosen there is lack of sufficient 
analyses of the iron formation as a whole to separate the tonnage 
above the given grade. The mixing of high-grade and low-grade 
ores also complicates the situation. Extensive drilling operations 
have been directed mainly to determine the percentage of ore above 
50 per cent and little attention has been given to the grading of ores 
nmning below this percentage. The averages of all available analyses 
from portions of the formation outside of Sie ore at present available, 
made oy the mining companies of the Lake Superior district, give 
the following results: 

0?Mracier of the iron-bearing formations of the Lake Superior district, 

DIAMOND-DRILL CORES. 



• 

state. 


Holes. 


Average 

iron 
content. 


Analyses. 


Total 
ibotage. 


Michigan 


77 
24 
80 


Percent. 
36.52 
38.00 
86.40 


8,807 
1,094 
1,517 


22,203 


yiniM^fotA , , , .,.,.,. 


6,400 


WbKxmfftn ......... . . . . . ^ . . . . . 


4,814 






OTHER SOURCES. 


Michigan: 

Trenches. 




41.53 
38.40 


94 
905 


075 


Leyels 




07,500 









• Approximate. 

It seems entirely probable, in viewr of the fact that 40 per cent ore 
is even now locally m demand, that the depletion of the higher-grade 
reserves may in time require the use of 35 per cent ore. If so, the ton- 
nage is enormous. Planimeter measurements of areas of the iron 
formation, multiplied by the depths quite within the limits of actual 
mining at the present time, give the following results : 

Tonnage of iron formations. 



District 


Area. 


Depth. 


Volume. 


Quantity. 


lilchlgan: 

Orysitffl Fnlljl 


Sq. mUes. 

7.80 
28.50 

5.60 
11.60 

1.00 

127.00 
15.60 

.70 


Feet. 
1,250 
1,250 
1,250 
1,250 
1,000 

400 
1,250 

1,250 


Cu miles. 
1.950 
7.100 
1.400 
2,900 
:200 

10.000 
3.900 

.175 


Tons. 
19,500,000,000 


Uarq^lAtt^ 


71,000,000,000 


Mepomlnee 


14,000,000,000 


Penokee 


29,000,000,000 


Swansy 


2,000,000,000 


Minnesota:' 

MesabI 


100,000,000,000 


Vermilion 


39,000,000,000 


Wlflconsln: 

Florence 


1,750,000,000 






Ontario, Canada: 

AnlmlWe 


197.80 




27.625 


276,250,000,000 


10.80 
6.64 
80.00 


100 
1,250 
1,250 


.20 
1.66 
7.50 


2,000,000,000 


MIchlplooten 


16,600,000,000 


Other districts on north ^ore of Lake Superior 


75,000,000,000 








47.44 




9.36 


93,600,000,000 


Total 


245.24 




36.985 


369,850,000,000 
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It is not proved, however, that this enormous tonnage will average 
as high in iron as these figures from the mining companies would 
indicate. Indeed, many parts of the formations are known to run 
lower than this. It is regarded safer, therefore, to use a smaller 
fimire for the tonnage of ore running 35 per cent and over. Just 
what fraction of the total tonnage of the iron formations should be 
taken is a matter of more or less arbitrary choice. It is here put at 
72,000,000,000 tons, divided as shown in the following table: 

Estimates of Lake Superior ores. 



District. 



AvaUable. 



Not available. 



Ulohigaii: 

Marquette district , 

Oogebio district 

Menominee, Crystal Falls, and other districts 
Minnesota: 

MesabI district 

Vennilion district 

Cayuna and other districts 

Wisconsin 

Total 



Xon^font. 
no,OO0rO00 
06,000,000 
80,000,000 

8,100,000,000 
60,000,000 
15,000,000 
40,000,000 



LongMU. 
16,900,000,000 
3,000,000,000 
7,360,000,000 

80,OOO,tWO,OOO 

1,006,000,000 

310,000,000 

4,525,000,0b0 



8,600,000,000 



72,000,000,000 



(2) ADIRONDACK ORES. 
[Based on reports of the New York State Survey.] 

The area of crystalline rocks forming the Adirondadc district oc- 
cupies the greater part of the State of New York north of the Mo- 
hawk Valley. The district contains a variety of iron ores differing 
in their character and geologic* surroundings. Those found in suf- 
ficient abundance to be commercially important are nontitaniferous 
ma^etites, titaniferous magnetites, and red hematites. Some de- 
posits of limonite also occur as bog ores, but they are not generally of 
sufficient size to be considered an available source of ore at the present 
time. 

The rocks of the Adirondack district, with the exception of small 
patches of Paleozoic sediments, are entirely pre-Cambrian, and are 
either wholly crystalline or highly metamorphosed. They are pro- 
visionally classed in three groups: (1) Sedimentary rocks, marble, 
schist, and gneiss; (2) gneisses of undetermined origin, but probably 
in part, at least, sedimentary; and (3) igneous plutonic rocks, anor- 
thosite, gabbro, syenite, and granite. The first group occupies a rela- 
tively small part of the area, but with its various members are asso- 
ciated all of the hematite deposits and many of the nontitaniferotts 
magnetites. 

NONTITANIFEBOnS MAGNETITES. 

These are the most widespread of the Adirondack deposits, but the 
more important ones occur m two groups on the eastern border of the 
district in the Lake Champlain basin and in the western part of the 
district in St. Lawrence County. In the first group are the well- 
known Hammondville, Mineville, and Lyon Mountain deposits, and 
in the second the Benson, Jayville, Fine, and Clinton deposits. 
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The ores show great variation in their mineral and chemical comr 
position, ranging from lean varieties, which consist of magnetite in- 
termixed with the constituents of the wall rock, to those made up of 
practically pure magnetite. The richest, obtained principally irom 
the MinevUle group, average from 60 to 65 per cent iron, and consid- 
erable quantities have been obtained which approached the theoretical 
iron content of magnetite (72.4 per cent). The deposits carrying less 
than 50 per cent iron are generally considered too refractory for di- 
rect smelting and their utilization depends upon concentration. Large 
bodies of such ore occur in the Lyon Mountain, Arnold Hill, and St. 
Lawrence County deposits. The lowest grade of ore now worked 
carries about 35 per cent iron ore before concentration. 

Both Bessemer and non-Bessemer ores occur, in some cases in ad- 
joining deposits, though generally the ores from all deposits of a 
group show a fair degree of uniformity in respect to phosphorus 
content. The leaner ores are apt to be lowest m phosphorus, and 
concentrates produced at Lyon Mountain contain less than 0.01 per 
cent of that element with 65 per cent iron. The ores also carry a 
variable proportion of sulphur due to the admixture of pyrite and 
more rarely pyrrhotite. 

The deposits occur in a variety of forms such as are common to the 
magnetites found in gneisses and schists elsewhere. In general they 
have a lenticular bedded form and are parallel .to the foliation of the 
inclosing rocks. They partake of the same structural folds and 
faults as these rocks, and must therefore have been deposited before 
the regional compression occurred to which these structural features 
are due. While there has been much diversity of opinion regarding 
the origin of these ores, the view generally held at present is that they 
were introduced by processes connected with the intrusion of the 
igneous rocks. 

The Adirondack magnetites were mined as early as the latter 
part of the eighteenth century and supplied manv bloomeries and 
forges and, later, small charcoal furnaces. These have now all dis- 
appeared, and the ores are mostly shipped to the iron-making centers 
for smelting. There are, however, two coke furnaces in the region 
that are supplied by local mines. The total production up to the pres- 
ent time has been somewhat over 36,000,000 tons. Both open-cut and 
underground mining methods are employed, but chiefly the latter 
because of the high inclination of the ore bodies. A depth of 1,500 
feet has been reached in the workings at Lyon Mountain, and about 
2,000 feet at Barton Hill. Practicafly all of the ore is concentrated 
by the magnetic process, which yields concentrates containing from 
60 to 65 per cent iron and at the same time effects a partial elimina- 
tion of the phosphorus and sulphur. In fact, the treatment of the 
richer ores is designed primarilv to reduce the phosphorus, and the 
concentration is a subordinate object. 

While a few of these deposits have been drilled with suflScient 
thoroughness to permit a fairly definite estimate of their contents, 
this is not generally the case, and in most cases even the extent oi 
the outcrop is not accurately known. Lines of magnetic attraction 
indicate the presence of ore bodies concerning which little else is 
known, and finally large areas in the Adirondack Mountains, heavily 
forested and driit covered, have not been examined in sufficient 
detail to determine whether or not they contain iron-ore deposits. 
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For these reasons it is impossible accurately to determine the ore 
reserves. It is estimated that the known deposits of high-grade ore 
will yield 35,000,000 tons, and that the leaner deposits, carrying over 
35 per cent iron, will yield 75,000^000 tons of concentrates. The esti- 
mate of ore which is not now available because of great depth, or low 
grade, but which may be used eventually, is even more uncertain, but 
may be placed conservatively at 25,000,000 tons. 

TITANIFEBOUS MAGNETITES. 

Under this class are included the ores which carry titanium as an 
essential ingredient. In general it amounts to at least 8 per cent of 
titanic acid (TiO^), while the average is perhaps 15 per cent. These 
deposits occur within the margins of the gabbro-anorthosite area, 
chiefly in Essex and Franklin counties. In their relations to the 
inclosing rocks these deposits are sharply differentiated from the 
nontitaniferous magnetites which, occur in the sedimentary and 
eruptive gneisses and schists. The titaniferous ores are believed to 
be the product of magmatic segregation, and hence intimately con- 
nected in origin with associate igneous rocks. The form of the 
ore bodies has not been accurately determined except in the case of 
a few of the smaller ones. The large bodies have nowhere been 
uncovered or suflSciently explored to afford an idea of their precise 
outlines. The richest ores contain little else than magnetite and 
ilmenite, and yield fully 60 per cent iron. From such pure aggre- 
gates there may be traced a continuous series of gradations by the 
entering of gangue minerals in increasingly greater proportion to the 
limiting wall rocks which hold only subordinate amounts of mag- 
netite and ilmenite. The two minerals are often distinct in their 
crystallization, and show no tendency toward mutual intergrowth. 

The use of ores containing high percentages of titanium is gener- 
ally regarded as impracticaWe under present furnace practice because 
of the mfusibility of the slags. They have, however, oeen smelted on 
a small scale in the Adirondacks, as well as in England and Sweden, 
and experiments have shown the feasibility of securing a fusible slag 
by properly proportioning the fluxes. A more promismg solution of 
the problem is found in a reduction of the amount of titanium enter- 
ing the furnace, both by concentration and by employing these ores 
as mixtures with nontitaniferous ores. Since the ilmenite is only 
feebly magnetic, it has been found practicable, at least on an experi- 
mental scale, to reduce the titanic oxide from 15 to 8 or 9 per cent by 
moderately nne crushing and magnetic concentration. 

These deposits have been explored only far enough to prove that 
they contain a very large amount of ore which simply awaits the de- 
velopment of methods for overcoming the metallurgical difficulties 
due to the presence of the titanium. Assuming that these difficulties 
will be overcome, it is estimated that the known deposits in the Lake 
San ford district alone contain at least 90,000,000 tons sufficiently 
accessible and high in grade to be now available, and that they may 
contain in addition 100,000,000 tons, which are not now but will be 
eventually available as an ore supply. 

BED HEMATITES. 

Hematite deposits of workable dimensions occur on the north- 
western side of the Adirondacks in Jefferson and St. Lawrence ooun- 
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ties. They are associated with the folded pre-Cambrian sedimentary 
(Grenville) series of schists^ limestones, and meisses, which attain 
CTeater areal development m that section than elsewhere in the 
Adirondack region. The ores are mainly soft, red hematites, with 
subordinate specular, and occupy zones or replacement along the con- 
tact of crystalline limestone and schist, and at times in the schist itself. 
wiUi often a capping of Potsdam sandstone. A peculiar feature is 
the presence of a greenish mineral — locally called serpentine, but of 
chloritic nature — ^which seems to be an alteration product formed by 
reaction of the iron-bearing solutions upon the f eldspathic schists and 
the occasional granitic intrusions of the walls. The source of the iron 
may be traced with some certainty to bands of pyrite and magnetite, 
which abound in the schists and which are subject to rapid weather- 
ing and to solution by ground waters. The principal mines have been 
opened along a narrow belt extending northeast from Antwerp nearly 
to the village of Gouvemeur, but there are a number of outlying de- 
posits that have been worked in former days for the supply of local 
furnaces. Mining was begun about 1836. Altogether the district has 
furnished probably 2,500,000 tons of non-Bessemer ore ranging from 
46 to 60 per cent iron. The largest mines are the Dickson and Old 
Sterling near Antwerp and the Caledonia and Spragueville. Of 
recent years the output has been shipped to New Jersey and Penn- 
sylvania for reduction. 

Aside from the actual mine workings the district is practically 
unexplored, and it is impossible to draw any accurate conclusions as 
to the quantity of ore that may exist Judging from the ore bodies 
developed in the mines recently operative, it seems safe, however, to 
place the resources at present available at 2,000,000 tons, while an 
equal quantity may be represented by other deposits that are not now 
workable by reason of their inaccessibility or other unfavorable cir- 
cumstances. 

Estimates of Adirondack ores. 



Available. 



Not avaU- 
able. 



Nontltanlferous magnetites: 

High-grade ores 

Concentrating ores (concentrates) 

Titanlferous magnetites 

Red hematites 



Lonfftoru. 
35,000,000 
75,000,000 
00,000,000 
2,000,000 



Longtofu. 



25,000,000 

100,000,000 

2,000,000 



(3) CLINTON ORES. 



OHARAOTER OF THB 0KB. 



The Clinton iron ore, so named from its typical occurrence at 
Clinton, N. Y., is an amorphous red hematite mixed with calcium car- 
bonate, silica, aluminum silicate, and other minerals in minor quan- 
tities. It includes the varieties known as fossil ore and oolitic ore. 

It occurs in lenticular beds analogous to the strata of sandstone, 
shale, and limestone, with which they are interbedded. 

The fossil ore consists of aggregates of fossil organic remains in 
which the original calciimi carbonate has been replaced partly or 
wholly by ferric oxide. The fossils, which consist of broken and 
waterwom fragments, were evidently gathered into beds by the action 
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of waves and currents, and subsequently cemented together by calcium 
carbonate and ferric oxide. More or less clay material was also in- 
cluded in the beds during their deposition, and this now forms thin 
seams of shale. 

The oolitic ore consists of aggregates of flat grains with rounded 
edges about the size and shape of flaxseeds. These grains generally 
lie parallel to the bedding planes of the rock, and the mass is cemented 
by ferric oxide and more or less calcium carbonate. The flattened 
grains have a nucleus of quartz, generally very minute, about which 
successive layers of iron oxide, and, in many instances, thin layers of 
amorphous silica and aluminous material, have been deposited. One 
of the two varieties of ore generally predominates in a bed, but in 
certain localities both fossil and oolitic materials are mixed in nearly 
equal proportions. The fossil ore, where unweathered, as compared 
with the oolitic ore in the same condition, is apt to be the more cal- 
careous, while the oolitic ore may carry higher proportions of silica 
and alumina. 

A characteristic of the Clinton ore is that where it has been weath- 
ered or acted upon by surface waters the lime carbonate is dissolved 
out, thereby increasing the content of iron oxide, silica, and other 
constituents proportionately. Such altered ore is termed " soft ore," 
and it is usually porous and friable as compared with the unaltered 
material, which is termed " hard ore." The alteration of the ore beds 
takes place at the outerop and extends to varying depths from a few 
inches to 400 feet, depending on the attitude of the beds and on the 
thickness and permeability of the overlying rocks. The quantity of 
the soft ore is relatively small in comparison with the hard ore, and 
owing to its higher content of iron and its greater accessibility, a 
large part of the soft ore has already been mined. 

In general the hard and semihard ores range in percentages of ma- 
jor constituents as follows: Metallic iron, 30 to 45 per cent; lime, 5 to 
20 per cent; silica, 2 to 25 per cent; alumina, 2 to 5 per cent; magne- 
sia, 1 to 3 per cent; phosphorus, 0.25 to 1.5 per cent; sulphur, a trace 
to 0.5 per cent; and water, 0.5 to 3 per cent. The ore is therefore 
of non-Bessemer grade. Small quantities of manganese are found in 
the Clinton ore in places, especially in the South. The content of 
this mineral seldom exceeds 0.25 per cent. In the soft ore the lime 
generally runs less than 1 per cent, so that the percentages of the 
other constituents are proportionately higher. 

GEOLOGIC REXATION8 AND DISTBIBXTTIOK. 

The Clinton formation, of which the Clinton ore beds are a part, 
consists of lenticular, overlapping sedimentary beds, chiefly shale, 
sandstone, and limestone. In some places shale predominates, in 
others sandstone, and less commonly limestone. One or more iron- 
ore beds are generally present, although over considerable areas none 
occur. 

The formation has a wide distribution in the eastern half of the 
United States. In the Mississippi Valley it is present in Wisconsin 
and Missouri, in the latter State having been recognized in a drill hole 
by the presence of a bed of iron ore over 8 feet thick at a depth of 2,000 
feet In eastern Wisconsin the formation is represented by a bed of 
iron ore only, which varies in thickness from 1.5 to 25 feet. In Ohio, 
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Indiana, and northeastern Kentucky the formation occurs generally 
with thicknesses of 35 to 50 feet, but containing ore only in the latter 
State. In northern New York the Clinton rocks extend in a east- 
west strip from Niagara River to Otsego County, Here the thickness 
ranges from 32 to 295 feet. In all these States the beds are approxi- 
mately horizontal or dip at very low angles. In the Appalachian 
belt from northern Pennsylvania southwestward to central Alabama 
the Clinton is a well-developed formation, and the beds are generally 
inclined at angles varying from 10° to 90°. The thickness of the 
formation decreases from 2,000 feet in Pennsylvania to about 850 
feet in Virginia, 300 to 750 feet in Tennessee, and 200 to 700 feet in 
Alabama and Georgia. 

While the total length of outcrop of all the areas of ore-bearing 
Clinton formation would reach several thousand miles, only a rela- 
tively small part of this outcrop contains ore workable under present 
conditions. The workability of an ore bed depends on its thickness, 
extent, composition, and attitude, and also upon its situation with 
respect to transportation routes, fuel, and markets. The first set of 
factors are of greatest importance, since few areas of good ore are so 
inaccessible that they will not sooner or later be reached by railroad. 
Local conditions also play an important part in determining the 
workability of an ore bed. For instance, m districts where several 
such beds occur in the formation, as in Alabama, only the thicker and 
richer ores are now worked, while others that would be at once ex- 
ploited if they were in Pennsylvania are for the present neglected. 

Wisconsin. — In Wisconsin Clinton ore has been produced in Dodge 
County since 1849. The ore occurs at Iron Ridge in an irregular 
lens-shaped bed between the " Cincinnati shale " and the Niagaran 
limestone. Its thicloiess varies from 1.5 to 25 feet. At other points, 
within a radius of 10 miles, the same ore bed occurs and it is known 
to thin out to the east. Toward the west the ore has been eroded, 
so that the outcrop lies in a westward- facing scarp about 60 feet hi^h, 
capped by Niagaran limestone. Open-cut and underground mimng 
have been carried on here. The ore as originally mined ran low in 
lime and contained about 45 per cent iron. It was partially hydrated 
and represented the " soft ore " of the outcrop. In 1906 the produc- 
tion or ore from Iron Ridge was nearly 90,000 tons, and in 1907 about 
22,000 tons. Recent exploration work has proved that a considerable 
reserve of hard ore remains in this district, amounting to about 
40,000,000 tons. 

Ke7i4/acky, — ^A bed of Clinton ore, averaging probably more than 2 
feet in thickness, occurs in Bath County, Ky., underlying an area of 
about 8 square nailes. This ore lies nearly horizontal, but most of it 
is below too heavy cover to admit of mining under present conditions. 
It carries from 30 to 40 per cent iron and 13 to 16 per cent lime car- 
bonate. At present the ore is mined bv stripping where the cover is 
not more than 8 to 10 feet thick. The deposit has produced ap- 
proximately 190,000 tons, and it is estimated that there are remaining 
25,0Qp,000 tons, one-tenth of which may be available under present 
conditions. 

New York. — ^The belt of ore-bearing Clinton within New York 

State extends from Rochester on the west nearly to Utica on the east, 

a distance of about 130 miles. The width of outcrop of the formation 

reaches a maximum of 5 miles. The beds dip toward the south, from 
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45 to 80 feet to the mile. Conditions are extremely favorable for 
underground mining and should permit work to a distance of 3 to 
5 miles from the outcrop wherever the ore is of sufficient thickness. 
The ore bed that is worked varies in thickness from 1.5 to 4 feet, with 
an average of about 2.5 feet. It carries 35 to 45 per cent of iron, with 
an average, where worked, of about 40 per cent. The phosphorus is 
high, from 0.25 to more than 1 per cent, and the sulphur, while vari- 
able, runs from traces up to 0.5 per cent The ore has been worked 
in Wayne, Cayuga, and Oneida counties. 

An estimate made by the New York State Survey of the tonnage 
contained in this district, mainly in these three counties, gives a 
total of 600,000,000 tons. Ore beds less than 1.5 feet thick and at a 
depth of more than 500 feet, as well as those carrying less than the 
average content of iron, have been excluded from consideration. 
Much of this ore, however, is not available under present conditions. 

PennsyVvaTda. — ^The length of outcrop of the Clinton formation in 
Pennsylvania is very great owing to its repetition in the many anti- 
clinal folds within the central part of the State. In the counties of 
Snyder, Mifflin, Juniata, Blair, Huntingdon, and Bedford, three or 
four thin beds of red ore occur, ranging in thickness from a few 
inches to more than 2 feet. The ore on the outcrop is usually soft and 
rich enough to work by stripping, but the hara ore under cover is 
in most places too thin to be worked at present In a few places, 
however, where the beds are from 1 to 2 feet thick, underground 
drifts and slopes have been driven for short distances in the hard ore. 
The soft ore carries 40 to 50 per cent of iron and from a trace to 5 or 
G per cent of lime. The hard ore carries 20 to 35 per cent of iron, 
and in places as much as 25 per cent of lime. 

Less than 20,000 tons a year of Clinton ore are now being produced 
in Pennsylvania, and it is probable that the reserves of this ore at 
present available in the State are not much in excess of 5,000,000 tons. 

Virginia and north Tennessee. — ^The ore beds in the Clinton in 
Virginia are generallv too thin to be considered important reserves 
after the soft ore shall have been mined out. In the west-central part 
of the State beds at Lowmoor range in thickness from 16 to 21 incnes, 
and at Iron Gate from 8 to 12 inches. The soft ore carries 46 to 57 
per cent of iron. Nearly 90,000 tons were shipped in 1907 from mines 
in this district, and at this rate of production most of the easily ac- 
cessible soft ore will probably be exhausted within ten or twelve 
years. 

The Clinton formation, outcropping along the foot of Cumber- 
land Mountain, is ore-bearing from Cumberland Gap, Va., to La 
Follette, Tenii. Near Cumberland Gap there are three ore beds rang- 
ing in thickness from 6 inches to 2.5 feet. Only the upper bed, the 
thicloiess of which ranges from 15 to 20 inches, is workable. South- 
westward toward La F'ollette the ore increases in thickness to 3.5 
feet Here practically all the soft ore has been mined out, so that 
only a hard ore, carrying 26 to 32 per cent of iron, remains. It is 
estimated that about 16,000,000 tons of such ore are still available 
in the Cumberland Gap-La Follette district. 

It is possible that future exploration of the extensive areas of 
Clinton formation within Virginia and West Virginia may reveal 
additional ore reserves. 
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Rockwood-Chattanooga-Gadsden district. — ^This district embraces 
an area about 30 by 125 miles in the Appalachian valley region of east 
Tennessee, northwest Georgia, and northeast Alabama. Steeply dip- 

Eing Clinton strata outcrop in narrow strips on both sides of Walden 
:idge and Lookout Mountain and in the Whiteoak Ridge and other 
synclines of the Tennessee Valley. Ore is mined at North Chatta- 
nooga, Rockwood, Cardiff, Euchee, Welker, and Ooltewah, Tenn., 
and has been mined extensively at Inman. The important mining 
localities in Georgia are at Rising Fawn and Estelle, and in Alabama 
at Battelle, Portersville, Crudup, Attalla, and Gadsden. 

The workable ore beds range from 2 to 5 feet in thickness and 
carry from 30 to 40 per cent of iron, 10 to 25 per cent of lime, and 
0.5 to 0.7 per cent phosphorus. The use of much of the ore that is 
low in iron and high in lime depends upon the continuance of sup- 
plies of brown ore. The latter is mixed m the blast furnace with red 
ore that contains more than sufficient lime to be self-fluxing. 

Estimates based upon fairlv complete examinations place the avail- 
able Clinton ore of the Rockwood-Chattanooga-Gadsden district at 
86,570,000 tons, and the ore that will ultimately become available at 
440,000,000 tons. 

Birmingham district. — The Birmingham district includes the 
Clinton ore-bearing areas of Alabama from Springville southwest 
beyond Woodstock. As in Tennessee and Georgia, the Clinton fgr- 
mation in Alabama outcrops in narrow strips on the flanks of syn- 
clinal mountains. The dips range from 10° or 15° to vertical. The 
most important outcrop is along the crest of Red Mountain for about 
25 miles near Birmingham. Other areas of minor importance occur 
along West Red Mountain near Birmingham. The thickness of the 
more important ore beds ranges from 2.5 to 12 feet. The ore carries 
from 30 to 40 per cent of iron, 10 to 25 per cent of lime, 0.3 to 0.6 per 
cent phosphorus, and from a trace to 0.1 per cent sulphur. 

Estimates of tonnage of available ore for the Birmingham Clinton 
ore field indicate a supply of probably 358,470,000 tons, and of ore 
not at present available of about 438,000,000 tons. 



8UMMABY AND ESTIMATES. 



The Clinton formation has a wide distribution in the central and 
eastern portion of the United States, but contains commercially im- 
portant ore beds in only a part of its area. The most important de- 
"posits are in the Birmingham, Chattanooga, and New York State 
districts, while less extensive deposits occur in Virginia, Wisconsin, 
Pennsylvania, and Kentucky. 

It is evident from the above description that the quantity of ore 
contained in any area of the Clinton formation may be calculated 
with a fair degree of accuracy, provided sufficient data are available 
as to its dip and as to variations in thickness and q^uality of the ore 
beds. An assumption must be made as to depth-limiting workability 
under a variety of structural conditions, and since this is a matter 
of opinion it will vary somewhat widely and introduce corresponding 
differences in the results. Conditions of blast-furnace practice locally 
may define the quality of a workable ore. In places where brown 
ores are available for mixing with Clinton ores, an ore of the latter 
class can be used as a flux, although it runs so low in iron and so high 
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in lime that alone it would not be acceptable. The estimates of avail- 
able ores made by various experts do not, however, differ materially. 
In case of the total ore which is not now available, but which may be 
mined eventually, the variance in estimates is much greater, since 
more unknown factors enter into the problem. 

The estimates given below are based upon detailed examinations 
of the more important districts by the United States Geological Sur- 
vey for the Birmingham and Chattanooga districts, and by the State 
Survey for the New York district, with a study of all obtamable drill 
records. 

Estimates of Clinton ores. 



District. 



Available. 



Not avail- 
able. 



Birmingham 

Chattanooga 

New York 

Virginia-North Tennessee 

Wisconsin 

Pennsylvania 

Kentucky- West Virginia. 



Long font. 
358,470,000 
86,570,000 
30,000,000 
16,000,000 
10,000,000 
5,000,000 
2,500,000 



LonifUm*. 
438,000,000 
440,000,000 
570,000,000 
50,000,000 
30,000,000 
50,000,000 
42,500,000 



(4) APPALACHIAN METAMORPHIC ORES. 

This group includes the deposits of magnetite and specular hema- 
tite associated with the crystalline and metamorphic rocks of the 
Piedmont and Appalachian mountain belts, which extend from south- 
em New York to central Alabama. The ore deposits are not uniformly 
distributed throughout this area, but are confined to certain portions 
where geologic conditions have been favorable for their accumu- 
lation. The most important districts are (1) the highlands of 
southern New York and northern New Jersey; (2) the James River 
district, Vir^nia; (3) the Cranberry district. North Carolina; (4) the 
Piedmont district. North Carolina; (5) the Yorkville district, South 
Carolina; (6) the Talladega gray ore district, Alabama. The last- 
named district is included m this group for convenience, although it 
differs materially in its geologic relations from the others. 

The ore deposits of this group have the form of lenticular beds or 
elongated pods, which are interlaminated with the gneisses, schists, 
or crystalline limestones. The individual deposits vary in thickness 
from a fraction of an inch up to 50 or even 80 feet, but the majority 
of the workable deposits are from 4 to 15 feet thick and are apt to 
show rapid variations by pinching and swelling on both the strike and 
the dip. They vary in composition from practically pure iron ore 
to a material containing a large proportion of gangue minerals. In 
general, the larger deposits contain the smaller proportion of iron 
and can be worked only by the employment of some metfiod of con- 
centration. 

The deposits rarely occur singly, but are more often disposed in 
rather narrow belts separated by wider belts of barren meiss and 
schist. Since the ores were undoubtedly derived from a deep-seated 
source, there is no reason to anticipate a failure in depth, although 
pinches and swells are to be expected in the course of deep mining, 
and the cost of mining will necessarily increase with depth. 
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The gray hematites of the Talladega district and certain hematite 
deposits 01 Virginia and Georgia are here included for convenience, 
though they occur under entirely different geologic conditions from 
those above described. These hematites have the appearance of regu- 
larly bedded deposits, associated with sedimentary rocks which have 
suffered only slight metamorphism. Whether or not they were de- 
posited at the same time as the inclosing sediments has not been defi- 
nitely determined. They possess much greater imiformity, both on 
the dip and along the strike, than the magnetites in the crystalline 
rocks, and for practical purposes may be regarded as original bedded 
deposits. 

In view of the irregularities in thickne^ss of the magnetite beds, 
which can not be determined in advance of thorough prospecting, it 
is impossible to make any accurate calculation of the amount of ore 
which they contain even when their area at the surface is known, and 
this is rarely the case. The following estimates, therefore, are only 
approximate, particularly the amount assigned to the nonavailable 
class: 

Estimates of Appalachian metamorphic ores. 



Ores. 


Avaflable. 


Not avail- 
able. 


Magnetites, indudlne some titanlferous magnetites and some hematite 

8peciiliir h^mfttlMfl, inplndlng some llmonit^ 


Longt&nt. 
47,500,000 
8,000,000 


LongtOTU. 
74,500,000 
53,000,000 





(5) APPALACHIAN BROWN ORES. 

This group embraces those deposits of brown ores associated with 
the Appalachian belt of closely folded sedimentary rocks which 
extends continuously from northern Vermont southwestward to cen- 
tral Alabama. It is bounded on the east by the older crystalline and 
metamorpliic rocks of the Appalachian Mountains, and on the west 
bj^ the younger " Coal Measures." It is underlain by limestones, dolo- 
mites, shales, sandstones, and quartzites, ranging in age from Cam- 
brian to Carboniferous. The beds, originally deposited in approxi- 
mately horizontal layers, have been folded and faulted so that they 
now occupy all possible attitudes. This has given rise to conditions 
favorable to the rapid weathering of the rocks. The steeply dipping 
sandstones and quartzites form sharp ridges, while the more easily 
eroded limestones, dolomites, and shales form the intervening valleys, 
their surfaces being generally covered with a deep mantle of residual 
materials. These rocks, particularly the shales and some of the lime- 
stones, contain small quantities of iron minerals, sulphides, carbon- 
ates, and silicates, and in the process of weathering and erosion, by 
which many thousand feet oi strata have been removed, the iron 
originally contained in these widely disseminated minerals has been 
concentrated, where conditions were favorable, as the hydrated oxide 
forming the deposits of brown ore. These deposits, while presenting 
great diversity in form, fall into three classes, known as mountain 
ores, valley or limestone ores, and Oriskany ores. 

MOUNTAIN ORES. 

These deposits are so called because they always occur upon the 
iSanks or at the base of a sandstone, chert, or quartzit^nd^g,! and 
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throughout Virginia, Tennessee, Greorgia, and Alabama they are 
most extensively developed along the extreme eastern margin of the 
valley belt where the Cambrian quartzite forms a high ridge flanking 
the crystalline rocks. The quartzite beds dip steeply beneath the 
overlying shales and limestones, and iron derived from the latter 
during me process of weathering has been concentrated downward 
upon this impermeable foot wall. Similar conditions favorable for 
ore concentration occur elsewhere in the Appalachian belt where the 
Cambrian quartzite in isolated ridges dips beneath the overlying 
shales, as at Aimiston, Ala., and also at a few points where the 
lower Carboniferous chert has formed an impermeable foot wall, as 
at Sugar Valley, Ga. The deposits present great diversity in form, 
varying from fissure veins and replacement zones in the sandstone 
and shale, through blanket deposits resting on the quartzite, to irreg- 
ular pockets scattered through the residual clay. The last are the 
most abundant and characteristic. Their size can rarely be deter- 
mined in advance of development, even by systematic prospecting, 
and estimates of their available tonnage vary between wide limits, 

VALLEY OB LIMESTONE 0BB8. 

These are associated with the great limestone and dolomite forma- 
tions which underlie much of the Appalachian belt. They are also 
derived from the iron minerals originally disseminated through the 
rocks and have. been concentrated during the process of weathering 
and erosion. Their location depends on the original abundance of 
these minerals in the rocks and on favorable conditions for con- 
centration afforded during erosion, in some cases probably by the 
fracturing of the beds and the consequent free underground circula- 
tion of water, and in others by the location of an easily soluble bed 
of limestone toward which drainage from surrounding areas brought 
the iron and deposited it as bog ore. They are always emjbedded in 
the residual mantle composed of the insoluble portions of the under- 
lying rocks. The deposits vary in form, but generally consist of 
concretionary masses ranging in size from those containing several 
tons down to pellets the size of a pea, disseminated through the re- 
sidual clay, 

OBISKANY ORES. 

These deposits are more regular in their occurrence, being limited 
to a definite horizon in the Helderberg limestone immediately be- 
neath the Oriskany sandstone. They are confined to a comparatively 
small portion of the valley belt, chiefly in southwestern Virginia with 
a few deposits in Pennsylvania and West Virginia. The iron was 
originally disseminated in the overlying shales, and wherever these 
shales occurred in sufficient thickness and the limestone bed occupied 
a favorable attitude its lime carbonate has been replaced by the iron 
oxide for a greater or less distance below the surface. The deposits 
frequently extend continuously for several miles along the outcrop, 
being made up of a series of lenses which may reach 75 feet in their 
thickest portions and thin down to a foot or less where adjacent lenses 
come together. The greatest depth to which the ore has been found 
is about 600 feet. Where the replacement has been complete and 
extensive, therefore, it has the form of a bedded deposit and the ore 
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content can be estimated with some certainty. The deposits consist 
either of fairly solid ore or of irregular masses and seams of ore em- 
bedded in clay. 

DEVELOPMENT AND ESTIMATES. 

The Oriskany deposits are mined both by stripping on the outcrop 
and by regular underground mining. The mountain and valley ores 
are nearly always mined in open pits, in the larger operations by 
steam shovel, and in a few cases by the hydraulic method. Where 
hand mining is done, a part of the ore is sent direct to the furnace 
without other treatment than hand picking, but where the steam 
shovel is used everything is passed tnrough the washer. In most 
cases sorting tables and jigs are employed m addition to the washer. 
By these means the associated materials, consisting of clay, chert, 
and other rock fragments, are removed from the ore. The average 
iron content of the ore as shipped is about 45 per cent, and the phos- 
phorus is generally above the Bessemer limit. The deposits or this 
group, being widely disseminated and easily mined in open pits, fur- 
nished a large part of the ores used by the small charcoal furnaces 
in the early development of the iron industry in the United States. 
With increase in capacity of furnaces a more reliable ore supply has 
been sought, and many districts which were formerly heavy pro- 
ducers have been temporarily abandoned^ The ore is still in demand, 
however, chiefly for mixture with the calcareous Clinton ores, and its 
production will doubtless increase in the future beyond any point 
previously reached. 

From the above description of these brown-ore deposits it will be 
readily understood that extreme difficulty must attend any attempt to 
estimate their total tonnage. It is unsafe to base an estimate on the 
number of known occurrences of the ore multiplied by an average 
content derived from the known yield of certain deposits which have 
been worked out, for the best deposits are the ones most apt to be 
exploited first. The estimates given below are based in part on 
systematic examination and measurement of all known deposits in 
certain districts and in part on general considerations of distribution 
and geologic occurrence. The amounts given in the second column 
of the table, representing ore not now available, are confessedly little 
better than guesses and future exploration may show them to be 
much too low. It should be stated further that estimates made by 
competent experts differ from the figures here given by a factor vary- 
ing from 0.7 to 8. 

Eatimatea of Appalachian 'brown ores. 



Available. Not available. 



New England and New York 

Pennsvlvania, Maryland, and New Jersey — 
Virginia, West Virginia, and East Tennessee . 
Alabama, Georgia, and North Carolina 



Longtont. 
1,000,000 
10,000,000 
35,150,000 
19,250,000 



Long tons. 
1,500,000 

12,000,000 
136,000,000 

32,000,000 



(6) APPALACHIAN CARBONATE ORES. 

This group of deposits includes the beds of carbonate ores and 
their oxidizea outcrops which occur in the Carboniferous rocks within 
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a broad belt stretching from western Pennsylvania through Ohio 
into northeastern Kentucky, and probably extending also into Ten- 
nessee and Alabama. The rocks occupying this belt are chieflv sand- 
stones and shales, with occasional thin beds of limestone. Tne beds 
are nearly horizontal, and the topography is such that the outcrop 
of any stratum is extremely sinuous and may have a length many 
times the shortest distance between two points. This combination 
of structure and topography has an important bearing on the possible 
utilization of the iron ore. 

The group embraces several varieties of ore locally distinguished 
as limestone ore, block ore, kidney ore, and black-band ore, each of 
which is accompanied by a corresponding variety of oxidation prod- 
uct. All of the varieties are non-Bessemer ores. The limestone 
ores are associated with thin beds of limestone, the most widely dis- 
tributed being the Vanport and Maxville. The ore beds lie imme- 
diately above the limestones, which thev sometimes entirely replace. 
They are usuaUy only a few inches thick, but occasionally expand to 
several feet. For varying distances from the outcrop the original 
iron carbonate has been oxidized to a dense brown ore, with loss of 
carbonic acid and increase in proportion of iron. The unaltered 
carbonate contains 30 to 35 per cent iron, and the alteration product 
from 43 to 47 per cent. 

The block ores are fairly ''regular bands of iron carbonate, inter- 
stratified with shale or fine sandstone. They are more persistent 
and uniform in thickness than the other varieties. In Kentucky 
three persistent beds are recognized having a total outcrop of over 
460 miles. The quality of the ore varies inversely with the thickness 
of the beds, the thinnest beds carrying the best ore. The unaltered 
carbonate carries from 29 to 34 per cent iron, and the brown ore on 
the outcrop from 33 to 43 per cent. 

The kidney ores, as their name implies, are concretionary in form 
and occur in certain beds of clay shale, rarely forming continuous 
layers. Thev grade into the black-band ores, which are usually more 
or less closely associated with coal beds and contain carbonaceous 
matter which ^ves them a black color. These concretionary forms 
generally contain the purest iron carbonate and on oxidation at their 
outcrop yield a correspondingly pure limonite, or brown ore. 

In the early history of iron making in the United States this ore 
belt in Pennsylvania, Ohio, and Kentucky contained a large number 
of small charcoal furnaces and the aggregate amount of ore produced 
was very considerable. With the disappearance of the forests the 
iron industry in this region declined, and the use of these ores has 
practically ceased. The production was confined largely to the 
oxidized surface ores, which not only were more easily accessible but 
gave the best results in the primitive furnaces. While the deposits 
of this group contain a large aggregate tonnage, practical^, all 
of it must be classed as not at present available. The principal 
reason that the ore can not now be worked at a profit is the fact 
that the nature of the deposits does not permit operations on a 
large scale. At only a few points are the beds sufficiently thick and 
persistent for underground mining, and stripping is therefore the 
method used. The distance which stripping can be carried into the 
hillside depends on the slope and the thickness of the bed. An aver- 
age width of the belt from which the ore can be mined has been 
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assumed as 100 feet, and the average thickness of the ore bed from 10 
to 12 inches. The aggregate length of outcrop of the several ore 
beds has been taken as follows: For Pennsylvania, 866 miles; 
Ohio, 2,056 miles; and Kentucky, 1,260 miles. With these assump- 
tions the total tonnage of carbonate and associated limonite ores 
which may ultimately be produced in these three States, and in 
Tennessee and Alabama, is as follows: 

Eatimates of Appalachi<M carbonate ores. > 



Available. Not availabto. 



Pennsylvania 

Ohio 

Kentucky 

Tennessee-Alabama. 



Long torn. 



Long Urns, 
46,000,000 

200,000,000 
60,000,000 
2,000,000 



(7) WEST TENNESSEE BROWN ORES. 

This group embraces the ore deposits within a broad belt extending 
from the northern border of Alabama and Mississippi across western 
Tennessee and Kentucky. This region is a plateau or moderate eleva- 
tion which has been dissected by the Tennessee River and its tribu- 
taries. The rocks underlying the ore-bearing territory are lower 
Carboniferous cherty limestones. The ore deposits closely resemble 
the limestone ores of the Appalachian Valley. They vary in size from 
scattered concretions embedded in surface cherty clay to bodies hav- 
ing a depth of 120 feet or more and containing upward of half a 
million tons. The larger deposits are confined to slight depressions 
in the plateau surface, in which deposits of waterwom bowlders 
suggest the former presence of streams. The ore was doubtless de- 
riv^ from the accumulation during the process of weathering and 
erosion of iron contained in minerals disseminated through the 
higher formations. These ores have been mined for many years, 
supplying a number of local charcoal furnaces and being shipped for 
mixture with the calcareous Clinton ores of the Chattanooga and 
Birmingham districts. 

In the absence of detailed examination of this ore belt, estimates of 
ore tonnage contained in these deposits must rest upon a very small 
foundation of ascertained fact. A few of the deposits have been 
studied, as those at Russellville, Mannie, and Goodrich, and the esti- 
mates for the entire district are based upon these disconnected obser- 
vations. These estimates place the available ore at 10,000,000 tons, 
and the ore not how available, chiefly because of the excessive cost 
of transportation and of working scattered deposits, at 15,000,000 
tons. 

(8) EAST TEXAS BROWN ORES. 

This group of deposits occurs in the northeastern portion of Texas 
and the adjacent portions of Louisiana and Arkansas. They differ 
materially m their geologic relations and in the problems of utiliza- 
tion from the brown ores previously described. The region is under- 
lain by Tertians formations, chieflv unconsolidated sands, clays, and 
greensands, Ine ore forms a fairly uniform layer, racely averaging 
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over 2 feet in thickness, and covering large areas. It is at places ex- 
posed at the surface and elsewhere covered by soil and sand to a 
depth of 6 feet or more. The ore averages about 46 per cent of iron, 
and is above the Bessemer limit in phosphorus. It is generally high 
in both silica and alumina. The deposits are probably derived from 
the oxidation in place of beds and nodules of iron carbonate, although 
it may be in part due to the concentration of iron derived from the 
greensand and other iron minerals disseminated through adjacent 
formations. While these deposits contain in the aggregate a large 
amount of ore of fairly good grade, its utilization presents some- 
what serious difficulties. Owing to the thinness of the deposits the 
ore can not be excavated with steam shovel or other mechanical 
devices. The scarcity of water in the region will prevent hydrau- 
licking and also economical washing of the ore, so that only the lump 
ore can be utilized. 

These deposits have been mined at a number of points and have 
supplied a local furnace for some years. The same region is under- 
lam by beds of lignite, one of which at a depth of about 50 feet has 
a thicKness of over 4 feet. Should it prove practicable to use this 
lignite In blast-furnace practice, directly or as a gas producer, its oc- 
currence in the immediate vicinity of the ores would prove highly 
advantageous in their utilization. 

In the absence of detailed surveys it is not possible to closely esti- 
mate the area of the workable deposits. The total area known to be 
underlain by the ore-bearing formation is about 500 square miles, and 
of this probably 50 sauare miles contain a bed averaging 2 feet in 
thickness, which is taken as the limit of profitable working at the 
present time. Upon this basis the district is estimated to contain 
260,000,000 tons of available ore, and it is probable that it contains 
twice this amount of ore that is not now available but will be utilized 
eventually. 

(9) OZABK ORES. 
[Based on reports of the Missouri State Suryey.] 

The Ozark district embraces the southern half of Missouri and a 
narrow strip along the northern border of Arkansas. It consists of 
a broad, unsymmetrical, domelike uplift, by which the older rocks 
are brought to the surface near the center of the district and, dipping 
outward in all directions, pass under successively younger formations 
• toward its circumference. The oldest rocks in the district are igneous, 
porphyry and granite, on the irregularly eroded surface of which 
the Cambrian formations were deposited. The greater part of the 
district is occupied by cherty, magnesian limestone,* with subordinate 
sandstones and shales. 

The district contains four classes of iron ores in deposits of suf- 
ficient size to be of commercial importance. These are (1) coarse 
specular hematite, occurring in veins in porphyry and in associated 
conglomerate beds; (2) fine specular hematite, occurring in pockets 
at the contact between Cambrian sandstones and limestones; (3) 
brown ore, limonite, occurring in pockets in the residual clay and 
chert derived from the weathering of limestones; and (4) rcKi nema- 
tite, occurring as bedded deposits with Carboniferous shales and sand- 
stones. In addition the ^^Coal Measures'' contain occasional thin 
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beds of iron carbonate, but these are not known in deposits of commer- 
cial size. Each of these classes of ore being associated with certain 
geologic formations, their distribution is dependent on the structure 
of the district. The porphyry ores are confined to a small district in 
Iron County, practically to the two localities. Iron Mountain and 
Pilot Kjiob. The fine hematites are grouped within an area about 
50 miles in diameter, chiefly in Phelps and Crawford counties, where 
the Eoubidoux sandstone occupies the surface. The limonite de- 
posits form two irregular groups, the first occupying the basin of 
the Osage River and the second extending along the southeastern 
margin of the district. The deposits of the red hematite are less 
numerous than the other kinds, and occur chiefly along the northern 
margin of the district. 

SPECULAB PORPHYBT HEMATITE. 

The interest in these deposits is chiefly historic, since they are now 
practically exhausted and thorough testing in the most favorable 
localities has entirely failed to reveal additional deposits. These 
were the first iron ores worked west of the Mississippi River and 
supplied several local furnaces, the first of which was built about 
1815. They continued to produce up to 1893 and have had a total 
production of 4,500,000 tons. The history of the development and 
exhaustion of these deposits is instructive as illustrating the fallacy 
of the popular belief that many ore bodies are inexhaustible and 
showing that they are very definitely limited in the amount of ore 
which they will yield. 

0PECX7LAB BAITDSTONE HEliATITB. 

These deposits consist of irregularly circular pockets from 300 to 
500 feet in diameter, located in the sandstone and extending down- 
ward into the underlying limestone. The ore occurs both as bowlders 
mixed with fra^ents of sandstone, chert, and residual clay and 
as a solid, indistinctly bedded mass. The unaltered ore is a dense, 
fine-grained blue or gray hematite, which near the surface has been 
changed largely to soft red hematite or to limonite. The better 
grades contain 55 to 67 per cent of iron and are generally low in 
phosphorus. In addition there are large amounts of siliceous ore 
which are not available under present conditions. The yield of in- 
dividual deposits may be in excess of half a million tons, and unless 
erosion has cut into deposits of this size they may afford little or no 
indication of their presence at the surface. In the absence of thor- 
ough testing, surface indications are therefore unreliable as a basis 
for estimates of the ore content of these deposits. A large amount of 
uncertainty must be present in any estimate of total tonnage, and the 
figures given are regarded only as roughly approximate. These 
deposits at present form the chief source oi iron-ore production in 
the Ozark district. 

BBOWN OSES. 

Deposits of this class occur in very large numbers as irregular 
pockets in the residual material overlying various limestone forma- 
tions. They are due to the concentration of iron contained in min- 
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erals originally disseminated through the rocks which have been 
removed and were concentrated during the process of weathering and 
erosion. They are in part also derived from the solution and re- 
deposition at lower levels of other iron ores, as the specular and red 
hematites. Over 600 localities are listed at which these deposits 
occur, and while they vary widely in the amount of ore contained, the 
aggregate tonnage must be very considerable. Owing to the small 
size of many of these deposits, their distances from transportation 
places them in the class of ores not at present available. Also, in a 
considerable proportion of the deposits, the ratio of ore to clay is too 
low for profitable working at present 

RED HEMATITE. 

These ores occur as regularly bedded deposits in certain portions 
of the lower Carboniferous formations along the northern border of 
the Ozark district They are variable in tnickness and horizontal 
extent The deposits are practically undeveloped, and owing to the 
low grade of the ore and the thinness and variability of the beds, they 
can not at present compete with other ores of higher grade and more 
cheaply mined, 

SUliliABT. 

The estimates of tonnage contained in the various classes of ore 
deposits in the Ozark district are summarized in the following table : 

Estimates of Ozark ores. 





Available. 


Not available. 


Bftndstono hrnintlt^ 


LongUma. 

is,m,ooo 

90,000,000 


Long tons. 
5,000,000 
45,000,000 


Brown ore 


K^h^Tn^tft^ 


5,000,000 









(10) ROCKY MOUNTAIN METAMORPHIC ORES. 

This group embraces the deposits of magnetite and specular hema- 
tite associated with crystalline schists and gneisses at various locali- 
ties in the Kocky Mountain region. They are similar in most par- 
ticulars to the deposits of the same ores in the crystalline metamor- 
phic belt of the Eastern States. They consist of lenticular beds con- 
forming in dip and strike to the foliation of the inclosing rocks and 
varying greatly in thickness within short distances, both in depth 
and along the outcrop. Associated with these beds, and evidently 
derived from them, are occasionally found secondary fragmental de- 
posits, which are sometimes overlam by later sedimentary or igneous 
lormations. 

The best-known deposits of this group occur in the Hartville dis- 
trict, Wyoming, and in the Llano district Texas. They also occur 
at various points in Colorado, Nevada, New Mexico, and Arizona, 
and in general may be expected wherever there are considerable areas 
of crystalline gneisses and schists. They have been extensively 
worked in the Hartville district, supplying a part of the ore for the 
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furnaces at Pueblo, Colo., and being used also to some extent for 
fluxing silver ores. It is probable that a much larger proportion of 
the deposits of this group are as yet undiscovered flian of any other 
group of iron-ore deposits. In view of the eirtremely meager infor- 
mation, estimates of their contents have little value. The ore is gen- 
erally high g^ade, though sometimes siliceous, but a large proportion 
of the deposits are not at present available by reason of remoteness 
from transportation lines and distance from suitable fuel for their 
reduction. 

(11) IGNEOUS CX)NTACT ORES. 

This group is based exclusively upon its geologic relations, and 
the deposits are widely distributed, though the most of them are 
located in the Rocky Mountain and Pacific States. ,The essential 
characteristics of the deposits are the following: They are steeply 
dipping, lens-shaped bocues, which closely follow the contact of an 
intrusive igneous mass and an intruded limestone. They occur 
partly within the igneous rock as dikelike veins and partly within 
the limestone, but generally at the immediate contact. The lime- 
stone is always altered for a variable distance, sometimes several hun- 
dred feet from the contact, the alteration consisting in extreme 
silicification and the development of lime-bearing metamorphic min- 
erals. The ores are magnetite, or more generally an intimate mix- 
ture of magnetite and hematite. They are often altered at the sur- 
face to red hematite and to some extent to limonite. The original 
bedding planes of the limestone are sometimes preserved in the ore 
body. The gangue consists of quartz and aluminous silicates, in part 
the recrystallized impurities of the limestone and in part minerals 
introduced along with the iron. The ores are believed to be due to 
hot solutions rising from a deep-seated source through fissures in the 
igneous rock at a period closely following its complete or partial 
solidification. 

CORNWALL DISTRICT, PENNSYLVANIA. 

The principal eastern representative of this group is in eastern 
Pennsylvania, where the ore, chiefly magnetite, has been mined since 
the early part of the eighteenth century. These deposits, of which 
the Cornwall mine is considered the type, occur at the contact of in- 
trusive masses of Mesozoic diabase and Cambrian limestone. The 
more easily accessible portions of the deposits have been mined out, 
but they are estimatea to contain 50,000,000 tons of ore, of which 
about 15,000,000 tons are considered available under present condi- 
tions. 

IRON SPRINGS DISTRICT, UTAH. 

These are the best known of the western representatives of the 
group. They are located in southwestern Utah, about 250 miles from 
Salt Lake. The ore, which consists of both magnetite and specular 
hematite (70 per cent of the former and 30 per cent of the latter), 
occurs at or near the contact of laccolithic intrusions of andesite in 
Carboniferous limestone. The aggregate surface of the known ore 
bodies is 5,430,000 square feet, and the calculated tonnage to a depth 
of 130 feet is 40,000,000 tons. While this is the greatest depth at 
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which the ore has been actually observed in prospect pits, a careful 
consideration of its geologic relations leads to the conclusion that 
it extends to considerably greater depths, and probably twice the 
above tonnage may be taken as the amount which is present but not 
now available. Practically no development has taken place except 
the sinking of a large number of prospect pits. 

OTHEB DIBTBICT8. 

Ore deposits belonging to this group are known to occur at numer- 
ous localities throughout the West, but they have not generally been 
examined in suflBicient detail to permit accurate estimates of tonnage 
being made. 

In Utah deposits occur at Bull Valley, about 25 miles southwest of 
the Iron Springs district and under similar geologic conditions. 
In California they are found in the Cave Canyon and other districts 
in San Bernardino County, in the Eagle Mountain district, Riverside 
County, in Shasta County, and elsewhere. In Nevada large deposits, 
estimated to contain at least 7,000,000 tons of magnetite and hematite, 
averaging 63 per cent of iron, are reported to occur in the Lovelocks 
district, in Humboldt and Churchill counties. Deposits also occur 
in Lyon County. In Washington deposits which probably belong 
to this group, although their relations are not known in detail, occur 
at a number of localities in the northeastern part of the State, in 
Stevens County. The ores are chiefly magnetite and hematite, 
though in part altered to limonite. 

In Colorado iron-ore deposits occur near Ashcroft, in Pitkin and 
Gunnison counties, and in the White Pine and Cebolla districts, in 
Gunnison County. Those of the Ashcroft district occur on both 
sides of the Elk Mountains, at elevations between 11,000 and 12,000 
feet above tide. The deposits are associated with limestones and 
igneous intrusives. They are of considerable size, the one on the 
northwest side of the divide being at least 300 feet on the strike and 
from 40 to 122 feet thick. Its total depth is not known, but it is 
proved to be at least 100 feet. The greater part of the ore is high in 
iron and sulphur, but low in phosphorus. 

In New Mexico iron-ore deposits occur at Chupadera Mesa and 
at Fierro, in Grant County. The latter locality has been worked for 
some years, furnishing a large amount of ore for the Pueblo furnaces. 
The ore is associated with limestones and igneous intrusions, forming 
lenses at or near the contact between the two. It is accompanied 
with metamorphic minerals, as epidote and garnet, which are de- 
veloped in the contact zone in great abundance. The ore is mag- 
netite with subordinate amounts of hematite, and usually contains a 
small amount of copper. The greater part of the easily accessible 
high-grade ore has been mined out. 

COMMEBCIAL CLASSIFICATION AND SUMMABY OF ESTIMATES. 

While the foregoing classification and grouping of the iron-ore de- 
posits is a convenient one for purposes of description and for discus- 
sion of the basis and value of tonnage estimates, the grouping does 
not correspond with commercial conditions, and the estimates already 
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^ven are therefore summarized by commercial grades and districts 
in the following table : 

Estimates of iron-ore supplies of the United States. 



Commerolal districts (States). 



Magnetite ores. 



Nontitanlferous. 



Available. 



Not available. 



Titanlferous. 



Available. 



Not available. 



1. Northeastern 

2. Southeastern 

3. Lake Superior 

4. Mississippi Valley. 

5. Rocky Mountain.. 

6. Padfio Slope 



Lon^toru. 
160,000,000 
a 12, £00,000 



Long tons. 
111,500,000 
23,000,000 
4,500,000,000 



Long tons. 
90,000,000 



Long tons. 
100,000,000 



25,000,000 



051,485,000 
• 68,950,000 



a 115, 440.000 
11,800,000 



1,500,000 
2,000,000 



Total. 



292,935,000 



4,761,740,000 



90,000,000 



128,500,000 



Commercial districts (States). 



Hematite ores. 



Specular and red. 



Available. Not available. 



Clinton. 



Available. Not available. 



1. Northeastern 

2. Southeastern 

3. Lake Superior 

4. Mississippi Valley. 
6. Rocky Mountain.. 
6. Pacific Slope 



Long tons. 
2,000,000 
8,000,000 

3,500,000,000 
15,000,000 
4,275,000 



Long tons. 
2,000,000 
53,000,000 
67,475,000,000 
10,000,000 
2,100,000 
10,000,000 



Long tons. 
35.000,000 
463,540,000 
10,000,000 



Long tons. 
620,000,000 
970,500,000 
30,000,000 



Total. 



3,529,275,000 



67,552,100,000 



508,540,000 



1,620,500,000 



Commercial districts 
(States). 



1. Northeastern 

2. Southeastern 

3. Lake Superior 

4. Mississippi VaUey. 
6. Rocky Mountain.. 
6. Padflc Slope 



Brown ores. 



Available. 



Long tons. 
11,000,000 
54,400,000 



300,000,000 
2,000,000 



Not 
Available. 



Long tons. 
13,600,000 
168,000,000 



560,000,000 

1,625,000 

105,000 



Carbonate ores. 



Available. 



Long tons. 



Total 367,400,000 743,230,000 r.lO,OUO,000 4,788,150,000 75,116,070,000 



Not 
Available. 



Total supplies. 



Available. 



Long tons. Long tons. 
248,000,000 I 298,000,000 
62,000,000 ' 538,440,000 
3,610,000,000 
315,000,000 
57,700,000 
68,950,000 



■ 



Not 
Available. 



Long tons. 

1,095,000,000 

1,276,500,000 

72,030,000,000 

570,000,000 

120,665,000 

23,905,000 



• Includes some hematite. 

1. Vermont, Massachusetts, Connecticut, New York, New Jersey, Pennsylvania, Mary- 
land, Ohio. 

2. Virginia. West Virghiia, eastern Kentucky, North Carolina, South Carolina, Georgia, 
Alabama, east Tennessee. 

3. Michigan, Minnesota, Wisconsin. 

4. Northwest Alabama, west Tennessee, west Kentucky, Iowa. Missouri, Arkansas, east 
Texas. 

5. Montana, Idaho, Wyoming, Colorado, Utah, Nevada, New Mexico, west Texas, 
Arizona. 

6. Washington, Oregon, California. 
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tOBEIGN IBON-OBE SUPPLIES. 

In addition to the ore supplies included in the table given above, 
certain foreign deposits are so situated that they must dep^id, at 
least to a considerable eictent, upon the American market, and are 
therefore to be considered practically a part of the available reserves. 
The most important of these sources of foreign supply are located in 
Canada, Newfoundland, Cuba, and Mexico. None of these countries 
has an abundant fuel supply, and therefore either the fuel must be 
imported or the ore exported. The history of the iron industry indi- 
cates that the latter is most likely to occur, particularly when the 
industry is already established and the chief market for the finished 
product is near the fuel supply. This tendency may be interrupted 
by artificial means, such as bonuses and tariffs, but such interference 
with the natural course of industrial development is only temporary, 
and in the long run the industry will gravitate to the point of the 
lowest cost of production. 

CANADIAN ORES. 

Recent explorations have shown the existence of considerable areas 
of the iron-bearing formations on the north shore of Liake Superior. 
The total tonnage of the iron formation in the Animikie, Michipico- 
ten, and other north-shore districts is calculated at 93,600,000,000 
tons. If the same proportion of this total be considered low-grade 
ore as in the Michigan and Minnesota districts it will amount to 
about 20,000,000,000 tons. Since these north-shore districts are not 
as yet thoroughly prospected, the ratio between high and low grade 
ores can not be definitely determined, but it is almost certainly much 
lower than in the Michigan and Minnesota districts. The best esti- 
mate of ore now available in these Canadian districts is 9,000,000 tons. 

Deposits of iron ore of the igneous contact type are known to 
occur in British Columbia, and those on Texada Island have been 
mined to some extent. These deposits are estimated to contain at 
least 30,000,000 tons of ore of present commercial grade and probably 
a considerably larger amount of low-grade and deep ore not now 
available. 

NEWFOUNDLAND ORES. 

The most important of these are Clinton ores occurring on Belle 
Isle. Their area is definitely known and the doubtful factors are the 
proportion of ore below present commercial grade and the amount of 
available ore in beds known to extend under the ocean. The supply 
of available ore has been estimated at 30,000,000 tons, and the amoimt 
not now available may be several times this amount. 

MEXICAN ORES. 

Large deposits of iron ore are known to occur in various parts of 
Mexico. Tney are chiefly of the igneous contact and gossan types, 
and no estimate of any value can be made of their available tonnage. 
Remoteness from centers of iron production will prevent their ex- 
tensive exploitation for the present, and they are therefore to be 
regarded as wholly within the unavailable class. 
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CUBAN 0!l£S. 

By far the most important foreign source of iron ore, measured by 
the extent of the supplies and their accessibility, is Cuba. The de- 
posits are of two kinds, specular hematites of the Santiago district 
and brown limonites of the Mayari, Moa, Baracoa, Cubitas, and Pinar 
del Rio districts. The hematites have been worked extensively since 
1884, and for a number of years have furnished more than 50 per cent 
of the total iron-ore imports. They are estimated to contain about 
9,000,000 tons of ore, about half of which is actually measured. 

The limonites are widespread residual deposits derived from the 
weathering of igneous rocks. The ore contains from 43 to 52 per 
cent of iron, phosphorus below the Bessemer limit, and between 1 and 
2 per cent oi chromium. These deposits are as yet practically un- 
developed, but the more important ones have been fairly well pros- 
pected, and it is estimated that they contain an aggregate of 3,000,- 
000,000 tons, at least one-third and possibly one-half of which may 
be regarded as now available. Most of the deposits are located near 
the northern coast of the island, so that they nave the advantage of 
cheap water transportation to all parts oi the Atlantic seaboard. 
They are without question destined to play an important role in the 
iron industry of the United States. 

SUMMARY OF FOREIGN SUPPLIES. 

The total estimated foreign supplies of ore sufficiently high-grade 
and accessible to mining and transportation to be at present available, 
and so located as to affect the iron industry of the United States, are 
shown in the following table: 

Estimated foreign iron ores, 

Canada : Long tons. 

British Columbia, magnetite chiefly 30,000,000 

Lake Superior district, hematite chiefly 9,000,000 

Nova Scotia, Clinton hematite 4,000,000 

Newfoundland, Clinton hematite 30,000,000 

Cuba: 

Santiago district, hematite. 5,000,000 

Mayari, Moa, Baracoa, Cubitas, and Pinar del Rio districts 

(limonite) 1, 500, 000, 000 

Total 1, 578, 000, 000 

IMPORTS AND EXPORTS. 

The total imports of iron ore since 1889 have been 3 per cent of 
the domestic production for the same period. They have shown 
great annual fluctuations, responding quickly to changes in indus- 
trial conditions. Since 1904 there has been a steady and rapid in- 
crease in imports, and this increase may be expected to continue in 
the future even more rapidly with the expanding development of 
the Cuban limonite deposits. 

72539— S. Doc. 676, 60-2, vol 3 33 
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The extent to which foreign ores are now supplying the market is 
shown by the following table of imports : 

Imports of iron ore from foreign countnes, 1889-1907, 



Year. 


Cuba. 


Newfound- 
land and 
Labrador. 


Quebec, 

Ontario, 

etc. 


Spain. 


Other 
countrles.a 


Total. 


1889 


Long tons. 
243,255 
351,814 
257,189 
307, 115 
349,977 
140,025 
367,255 
380,551 
383,820 
165,623 
360,813 
431,265 
526,583 
696,375 
613,585 
364,630 
539,935 
639,362 
657,133 


LoTigtons. 
14,450 
6,320 


Long tons. 

4,091 

22,211 

2,126 

372 
443 


Long tons. 
298,568 
512,933 
323,771 
236,957 
99,640 
15,067 
77,594 
121,132 
66,193 
13,335 
145,206 
253,694 
180,810 
153,527 
94,720 
36,810 
191,861 
171,870 
296,318 


Long tons. 

293,209 

353,552 

329,778 

253,907 

76,902 

11,772 

79,304 

160,323 

10,707 

8,250 

90,093 

66,749 

16,814 

29,824 

15,724 

2,886 

4,159 

65,873 

159,154 


Long tons. 
853,573 


1890 


1,246,830 


1891 


912,864 


1892 




806,585 


1893 




526,951 


1894 




167,307 


1895 




524, 153 


1896 


20,800 
29,250 




682,806 


1897 




489,970 


1898 




187,208 


1899 


77,970 

140,535 

^ 79,360 

81,920 

6 86,730 

6,400 

6,600 

6126,395 

80,685 




674,082 


1900 


5,588 
163,383 
203,824 
169,681 
77,887 
104,096 
67,890 
26,878 


897,831 


1901 


966,960 


1902 


1, 165, 470 


1903 


980,440 


1904 


487,613 


1905 


845,661 


1906 


1.060,390 


1907 


1,229,168 






Total 


7,776,306 


768,416 


847,076 


8,290,006 


2,029,040 


14,705,843 







» Belgium, Brazil, British Columbia, England, France, French Africa, French West Indies, 
Germany, Greece. Italy, Mexico, Netherlands, New Brunswick, Norway, Nova Scotia, 
Oceania, Portugal. Sweden, Turkey In Asia, Turkey in Europe, Venezuela, etc. 

* Includes Newioundland only. 

The exportation of iron ores has fortunately never assumed large 
proportions, as shown by the following table : 

Exports of iron ore from the United States, 1899-1907. 



Year. 


Quantity. 


Value. 


1899 




Long tons. 

40,665 

31,460 

64,703 

88,445 

80,611 

213,865 

208,017 

265,240 

278,208 


$76,287 


1900 


154,756 


1901 


163,466 


1902 


294,168 


1903 


255,728 


1904 


458.823 


1905 


630,457 


1906 


771, 8W 


1907 


763,422 








Total 


1,271,214 


3,468,945 







This export consists chiefly of Lake Superior ores shipped to 
Canadian furnaces for mixture with local ores. It contains also some 
high-phosphorus ores from the Adirondack district shipped to Grer- 
many. This movement has practically ceased, owing to increased 
home demand for these ores. 

WASTE IN MINING AND BEDUCTION. 

Where iron ore occurs in the form of bedded deposits and is mined 
underground, waste is apt to occur from the same causes as in coal 
mining. These are the leaving of pillars to support the roof, often 
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iiimecessarily large, the leaving of low-grade ore in the mine where it 
can subsequently be recovered only with difficulty, if at all, and the 
breaking down of an overlying bed where the lower of two beds in 
the same territory is mined first. These sources of waste are confined 
largely to the Clinton ores, and the available facts are insufficient for 
closely estimating its amount, but the proportion of recovery varies 
with local conditions between 75 and 90 per cent and is undoubtedly 
increasing with improvement in mining methods. In computing 
the available tonnage of the Clinton ores an average recoverv of 75 
per cent has been assumed. Portions of the Clinton ore beds at 
present considered of no value because of shale partings and conse- 
quently left in the ground might be mined at many points if the shale 
could be separated from the ore economically. Improvement in clean- 
ing and concentrating methods will imdoubtedly make the recovery 
of much ore of this character possible. In the steeply dipping mag- 
netite and hematite beds practically all ore up to the required grade 
is mined out, and the ground is generally left in such condition that 
the mines can be reopened for the recovery of lower-grade ores. 

In surface workings waste is confined largely to small operations 
where quick returns are required, and systematic development is im- 
possible. In such cases much ore is lost by dumping barren strip- 
pings and low-grade ore together, so that it can be recovered only with 
difficulty, if at all. Where the operations are on a large enough scale 
to warrant the installation of mechanical excavators, and a proper 
ore-dressing plant, this waste does not occur and practically all the 
ore in a deposit is recovered. Some waste of finely divided ore occurs 
in the process of washing brown ores to remove the associated clay, 
and there is still room for improvement in operations of this kind. 
If it becomes necessary to mine material which is below the grade of 
present requirements, but which contains enough iron values to make 
it a possible ore in the future, such material is stacked so that it will 
be available at any future time. This policy has been most consist- 
ently followed in the Lake Superior district, and when such low- 
grade ores are required large amounts will be available merely at the 
cost of loading on the cars. 

In the early days of iron making an appreciable part of the iron in 
the ores went into the slag and was permanently lost. Blast-furnace 
practice, however, has been so greatly improved in recent years that 
this source of waste is eliminated and practically all of the iron in the 
ore is now recovered. 

PBODUCTION AND USE OF IBON OBES. 

The beginning of the iron industry in America dates from 1645, 
when a furnace and forge were built at Lynn, in the province of 
Massachusetts Bay. In the century following a large number of 
small furnaces and bloomeries were operated in the New England 
colonies, using bog ores almost exclusively, and during this period 
Massachusetts was the chief iron producer. In 1734 the richer brown 
ores of western Connecticut and southern New York were opened and 
largely replaced the bog ores. The manufacture of iron was begun 
in eastern Pennsylvania in 1716, and a few years later in northern 
New Jersey, using the rich magnetites of that region. The industry 
had a rapid gi'owth, notwithstanding the restriction placed upon it, 
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and at the time of the Revolution there were over 140 furnaces and 
bloomeries in operation in this district. 

In the fifty years preceding the Revolution a number of furnaces 
and forges were in operation in Maryland, Virginia, and the Caro- 
linas, located for the most part on the tide-water streams of the 
coastal plain and using the brown ores associated in small quantities 
with the clays and sands of the coastal formations. The deposits of 
magnetite in the crystalline rocks of the Piedmont were also worked 
during this period to a slight extent. 

After the close of the Revolution the iron industry expanded 
rapidly, following the westward progress of settlement, and had 
reached western Pennsylvania and the Appalachian Valley of Vir- 
ginia and Tennessee before the close of the eighteenth century. In 
the first third of the nineteenth century it had reached as far west as 
Missouri and north to Michigan. During this period conditions 
favored a wide distribution of the industry. Charcoal was the only 
fuel used, and this could always be obtained in the immediate vicinity 
of the ores. Transportation facilities were very poor, and the small 
furnaces so situated as to supply the local demand, even working on 
inferior ores, could compete with the older establishments at a dis- 
tance. About 1840 a revolution was effected in the iron-making in- 
dustry by the introduction of anthracite and bituminous coal as a 
furnace fuel. The capacity of the furnaces was rapidly increased, and 
with improvement in transportation facilities the industry was con- 
centrated at a relatively few points advantageously located with refer- 
ence to the new fuel supply. Under the changed conditions the ore 
was brought to the fuel, hence only the best ore and the largest de- 
posits were worked, and many districts, as Ohio and Kentucky, which 
had been heavy producers, were practically abandoned. With the de- 
crease in average iron content of ores going into the furnaces, due to 
the depletion of the richest deposits, there is at present a notable 
tendency toward decentralization of the industry and a consequent 
reopening of abandoned ore deposits, though it will never revert to 
the conditions which prevailed during the charcoal period. 

The statistics of iron production miring the early years of the in- 
dustry were not collected, and the total amount of iron ore consumed 
can not be determined. Not until 1889 were annual statistics of ore 
production collected, though they are available for the two preced- 
ing census years 1870 and 1880, and the annual production or inter- 
mediate years may be derived from the known production of pig iron 
as far back as 1870. Basing an estimate upon the average pig iron 
production shown for census years prior to 1870, the total iron ore 
produced from 1810 to 1869 was approximately 49,656,000 tons, and 
on the annual production of pig iron from 1870 to 1888 it was 153,- 
758,000 tons. These amounts added to the 475,162,000 tons produced 
from 1889 to 1907 give a grand total of 678,576,000 tons produced 
since 1810. The amount produced during the Colonial and Revolu- 
tionary periods and up to the third census in 1810 is so small in com- 
parison with the total production since that time as to be a negligible 
quantity. 

In deducing the iron ore production from the production of pig 
iron, it should be borne in mind that a small proportion of this iron 
was made from imported ores and also that some pig iron is made 
from other materials than natural ores, as blue billy, zinc residues, 
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rollinff-mill cinder, scrap, etc. On the other hand, iron ore is used 
for other purposes, as in the manufacture of paint, as a fix or fettling 
in puddling ftimaces, and as a flux in silver smelting, and the amount 
so used practically offsets the amount of material other than iron ore 
charged into the Blast furnaces. 
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Fio. 1. — Curve showing the production of Ironore, plj? Iron, and steel In the United States, 

1870-1907, in long tons. 

The production of iron ore from 1870 to 1907, inclusive, is shown on 
the accompanying dia^am along with the production of pig iron and 
steel for the same i>eriod. 

The curve representing the production of pig iron shows more 
fluctuations than the ore curve, and that representing production of 
steel more than the pig-iron curve. In other words, the production 
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of steel responds most promptly to varying industrial conditions. 
Thus the production of steel in 1907 shows practically no increase 
over 1906, while the rate of increase in ore is above the average for 
the preceding eighteen years. This is explained by the fact that the 
industrial depression of 1907 came so late in the year that it only 
slightly affected the output of iron ore, particularly in the Lake 
Superior district, where mining is more active in summer than in 
winter. It is practically certain, however, that the output of ore for 
1908 will show a decided decrease similar to, and probably larger, 
than that which marked the years 1893-94 and 1904. The years 1892, 
1902, and 1907 occupy maximum points in the curve, and each is fol- 
lowed by a decided drop and rapid recovery far beyond the preced- 
ing maximum. It may be safely predicted that the curve will resume 
its upward trend in 1909 after the drop of 1908. 

The distribution of the production since 1889 among the varieties 
of ore enumerated in the chemical classification is shown in the fol- 
lowing table: 

Production of iron ores in the United States, hy varieties, 1889-1907, 



Year. 


Magnetite. 


Hematite. 


Brown ore. 


Carbonate. 


Total. 


1889 


Long tons. 
2,506,415 
2,570,838 
2,317,108 
1,971,965 
1,330,886 
972,219 
1,268,222 
1,211,528 
1,059,479 
1,237,978 
1,727,430 
1,537,651 
1,813,076 
1,688,860 
1,575,422 
1,638,846 
2,390,417 
2,469.294 
2,679,067 


Long tons. 

9,056,288 
10,527,650 

" "27,398 
46,619 
72,637 
47,434 
13,995 
76,288 
13,318 
50,684 
04,399 
08,274 
06,025 
32,149 
28,654 
39,477 
67,055 
81.375 
60,486 


J ns. 
87 
138 
164 
01 
72 
48 
58 
12 

81 
85 
189 
„,„.^,.15 
3,305,484 
3,080,399 
2,146.795 
2,546,662 
2,781,063 
2,957,477 


J s. 

1 
7 
8 
11 
4 
8 
9 

83,295 
55,373 
81,559 
76,247 
51,663 
27,642 
34,833 
19,212 
21,999 
17.996 
23,589 


I tons. 
18 041 


1890 


36,043 
91 178 


1891 


1892 


96 666 


1893 


87,629 
79,679 
57,614 
05 449 


1894 


1895 


1896 


1897 


18,046 

33, ne 

83,178 
53,161 
87,479 
54.135 
19.308 
44,330 
26,133 
49.728 
20 019 


1898 


1899 


1900 


1901 • 


1902 


1903 


1904 


1905 


1906 


1907 






Total 


33,966,599 
7.1 
5.2 


391,360,205 

soil 


47,763,384 
10.1 
6.7 


2,071,939 
0.4 


476,162,127 


Percentapp of totals for nineteen years. . . 


Percentage of total for 1907 











The present relative importance of the several varieties is shown 
by the percentage and also the increasing importance of the hematite 
as compared with the other varieties. The combined total produc- 
tions of brown ore and carbonate for the nineteen vears is 2,000,000 
tons less than the total production of all varieties for the year 1907. 

The distribution of production for 1906 and 1907 among the six 
commercial districts is shown in the following table : 
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Production of iron ores in the United States, by commercial districts, in 1906 

and 1907. 



District 



1. Northeastern 

2. Southeastern 

3. Lake Superior 

4. Mississippi Valley 
6. Rocky Mountain. 
6. Pacific slope 

Total 



1906. 



Quantity. 



LongUnu. 

2,582,666 

6,208,140 

38,035,084 

117,570 

806,268 

(«) 



47,749,728 



Percent- 
age of 
total 



5.40 

13.00 

79.66 

.25 

1.70 



100.00 



1907. 



Quantity. 



Long Urns. 

2,ffl2,822 

6,197,360 

41,638,744 

230,435 

831,258 

(«) 



61,720,619 



Percent- 
age of 
total. 



6.45 

12.00 

80.60 

.45 

1.60 



100.00 



•The small production of California and Washington is Included In the production of 
the Rocky Mountain district. 

These figures indicate the commanding position of the Lake Supe- 
rior district in the iron industry with 79.66 and 80.60 per cent of the 
total production for the two years. 

DUBATION OF THE IBON-OBE SUPPLY. 



Predictions of the date of exhaustion of the iron-ore reserves in- 
volve a number of unknown factors, each of which adds to the uncer- 
tainty of the result. Among these factors the following may be 
mentioned : 

1. The uncertainties of the estimates of reserves and the difficulty 
of fixing the ratio of the two classes have been fully explained in the 
sections devoted to the description of the ore deposits. 

2. The extent to which imported ores will supplement the domestic 
supply can not be foretold, but it will be an increasingly important 
factor. 

3. The extent to which the reserves will be increased by the discov- 
ery of new ore bodies can not be estimated, but it is highly improbable 
that all the important iron-ore deposits are now known. 

4. The ores of the first class will not be entirely exhausted before 
utilization of the second class begins, and chan^ng conditions, par- 
ticularly of transportation and metallurgy, will continually shift 
the line dividing the two classes. 

5. The stock of metal which can be reworked is constantly increas- 
ing and must eventually reduce the demand for metal obtained 
directly from the ores. 

e.' The substitution of other materials for metal now used for cer- 
tain purposes, particularly for construction, will reduce the consump- 
tion to an extent which can not be even approximately estimated, and, 
on the other hand, the proportion of structures into which iron enters 
as an important constituent will undoubtedly increase. 

7. The per capita consumption of iron ore has shown a rapid in- 
crease since the beginning of the iron industry. For 1907 and the 
four preceding census years it has been as follows: 1870, 180 pounds; 
1880, 313 pounds; 1890, 560 pounds; 1900, 806 pounds; and 1907, 1,344 
pounds. 
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8. The increasing cost of iron due to the increase in cost of fuel 
and the use of lower -grade ores requiring an increased amount of fuel 
per ton of iron smelted, will induce greater economy in the use of the 
metal; on the other hand, improvements in metallurgy will tend to 
secure a larger yield of metal for a given expenditure of fuel and 
power and may substitute low-grade fuel for the higher-grade coal 
now required in the blast furnace. 

The most striking feature of the iron-ore production curve is the 
remarkable rate of mcrease shown in the period covered. Taking the 
production since 1870 by decades and estimating the last two years 
of the present decade, 1908 and 1909, the percentage rate of increase 
for each decade over the one preceding is shown in the following 
table : 

Production of iron ore by decades and rate of increase. 



Decade. 


Qoantitj. 


Percent- 
age of 
Increase. 


1870-1879 


Lonatofif. 
43.770.527 
91,043.854 

163.989.193 
0392,000,000 




1880-1880 


108.0 


1890-1899 


80.1 


1900-1909 


138-0 








a Approximate. 







Each of the above decades, as shown by the production curve, con- 
tains a depression in which there was an actual decrease in production, 
so that they may be taken as fairly representing the tendency of the 
industry. These rates of increase are such that they do not permit 
the construction of a curve on which predictions for the future can 
be based. A comparison of the first and second rates, 108 and 80.1, 
would indicate a rapid decrease in the rate of increase, which, if con- 
tinued, would have placed the date of maximum production about 
1930. But a comparison of the second and third rates, 80.1 and 138, 
would indicate a rapid increase in the rate of increase. If the average 
rate of increase by decades, 108.7 per cent, should be continued, it 
would require the production in the next three decades of G.088,000,000 
tons. But the ore supply now available in the United States is esti- 
mated at 4,788,000,000 tons, which is only 78 per cent of the amount 
needed on this assumption. It is evident, therefore, that the present 
average rate of increase in production of high-grade ores can not 
continue even for the next thirty years, and that before 1940 the pro- 
duction must already have reached a maximum and begun to decline, 
and a very large use must be made of low-grade ores not now classed 
as available. The second condition, with its consequent greatly in- 
creased cost of iron, is the onlv thing which can prevent a decline in 
the iron industry, measured by the amount of pig iron produced, 
within the next thirty years, unless there is in the meantime very 
greatly increased importation of foreign ores. 

In view of the many factors entering into the problem, the ten- 
dency of which is not always determinable, to say nothing of the 
weight that should be given them, any further prediction as to the 
date of exhaustion of the iron-ore supplies is so uncertain as to be 
wholly unprofitable and unwarranted. 
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RESOURCES OF THE UNITED STATES IN GOLD, SILVER, COPPER, 

LEAD, AND ZINC. 



By W. LiNDGBEN, 

United States Geological Survey. 



INTBODUCTION. 

The ores of ^old, silver^ copper, lead, and zinc occur as a rule in 
localized deposits of varying lorm, depth, tenor, and geologic rela- 
tions. There are no wide areas underlain by strata of ore with main- 
tained characteristics. The ore deposits are exceptional occurrences. 
Thej are concentrated, it is true, in a number of localities, but the 
bodies are ordinarily of very irregular form, and it is difficult to 
predict what each new level in a shaft, each new drift on a level, will 
disclose. Some of the large companies mining copper, lead, or zinc 
ores have extensive reserves blocked out by actual development work 
or by borings, but the ore developed is rarely sufficient for more than 
a few years' work. The majority of the companies would undoubt- 
edly decline to furnish detailed information on this subject. 

The distribution of values is even more capricious in precious-metal 
mines than in base-metal mines, and in the case of gold the number 
of companies operating lode mines with large reserves can be counted 
on the fingers. Concerning deposits of gold-bearing gravels or 
placers, a somewhat more accurate statement can be made as to the 
probable extent of resources. These remarks serve to make clear the 
impossibility of ascertaining even the approximate extent of the total 
supply of metallic ores. The best that can be done is to forecast in 
a rough way the probabilities of the immediate future on the basis 
of the experience of the past In doing so, it is well to bear in mind 
that many of the predictions ventured on this subject during the last 
fifty years by able men have proved very wide of the mark. 

The conclusions reached in this report are based chiefly on investi- 
gations by the geologists of the United States Geological Survey. 

MINERAL LANDS OF THE UNITED STATES. 

The mineral-bearing lands still owned by the United States are 
largely confined to the Cordilleran States. The mineral lands of 
the Southern Appalachian States are privately owned, and as far as 
the total production is concerned they cut a small figure. Like- 
wise, the copper-bearing lands of Michigan and the lead-zinc lands of 
Missouri ana other States of the central valley have passed into- 
private hands. There remain the States of Colorado, Wyoming, Mon- 
tana, Idaho, Utah, Nevada, Washington, Oregon, and California, as 
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well as the Territories of Alaska, Arizona, and New Mexico, in which 
there still exists a large aggregate area of mineral land belonging to 
the United States. The extent of the mineral land of the United 
States still owned by the Federal Government is an unknown quantity 
because (1) the mineral lands have never been segregated and sur- 
veyed, and (2) a very large acreage is simply held by assessment 
work, and the present laws do not require that such claims shall be 
surveyed or registered. It is true that the majority of claims on 
which valuable mines have been developed have passed to patent. 
But there are thousands, in fact, hundreds of thousands of claims on 
which mineral has been discovered, which are held by annual assess- 
ment work, and of which the General Land Office has no record 
whatever. Even many important producing mines, and practically 
all placer mines of Alaska, are thus held. This condition is made 
much worse by the fact that according to present laws anyone — 
individual or company — can locate an unlimited number of claims 
provided the assessment work is performed. As no assessment work 
IS required until a year to two years after discovery, this rule works 
out so that a newly discovered camp is completely covered bv locations 
by the first comers, and its growth msij be seriously interfered with. 
In case of specially valuable discoveries the early arrivals are thus 
granted an unreasonable privilege which is always abused. The proc- 
ess is well known throughout me West, and is popularly known as 
" claim hogging." 

The first steps toward ascertaining the area of mineral land still 
belonging to the United States would seem to be: (1) Survey and 
segregation of mineral lands; (2) registration of all mineral claims 
at the land office of the district. 

Any estimates on the basis of available data are useless. 

The first requirement, segregation of mineral lands, is no doubt 
easier to demand than to execute. There is no possibility, as with 
coal deposits, to se^egate large areas with the confident knowledge 
that the mineral exists below them. For instance, a mountain range 
may present a favorable aspect from a geologic standpoint for the 
occurrence of metals, and yet no deposits may be found in it except 
perhaps within one limited area. However, the possibility always 
remains that some careful and deeper prospecting may reveal ores in 
the part hitherto considered barren. 

A worse complication is involved when the land is valuable for 
several purposes. It may be good agricultural land ; even if situated 
in the mountain regions it may, as is frequently the case in Cali- 
fornia, be valuable for horticulture and viticulture, or for pasture. 
Here is a conflict between permanent and temporary value. The 
land will always produce fruits, but the gold deposit below it will, 
in all probability, be exhausted in a limited time, very soon, indeed, 
in the case of many buried gravel channels. Such conflicts have 
caused much loss and annoyance in California. How can these two 
values be compared and measured? 

A difficulty even more troublesome arises when the land is valuable 
for both its mineral and its forest. Here, however, we have to 
measure two more commensurate values, both of more temporary 
character than in case of agricultural lands. The value of the forest 
can usually be measured with some accuracy. The value of the 
mineral on the same land can usually not be measured with exact- 
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ness. Very often the former will exceed the latter, as far as surface 
developments ^o, and then the question arises whether it is justifiable 
to interfere with free prospecting and search for metals in order to 
more effectively preserve the forests. 

It would seem that the present interminable conflicts could be 
avoided only by a separation of the mineral and forest rights, while 
retaining for agricultural patents the right to possible later discov- 
eries underneath the ground. The forest lands have gi-eat value, and 
as long as human nature remains what it is even the oona fide miner 
will continually attempt to gain possession of them by unduly ex- 
tending his mineral locations. Many mining districts are covered 
with a scant growth of forest, barely enough for the miner's needs 
for timber and fuel. Such lands should not be classified as forests. 

WASTE. 

The prevention of waste in mining and reduction processes is a 
most important subject. Whatever our views of future necessities, it 
is clearly not right to carelessly waste the metallic treasures of the 
earth, and in this direction much can be accomplished. The loss is 
rather in processes of concentration and reduction than in mining. 
In some cases pillars of ore are left, but the shape of the deposits is 

fenerally such that all the ore can be extracted without much loss, 
n industries like copper mining, where the term " ore " has rapidly 
changed its meaning within the last decade — where, in other words, 
ore containing 1, 2, or 3 per cent of copper can now be mined profit- 
ably where it was formerly considered waste — ^it is clear that large 
bodies must be left now which later may possibly be extracted with 
profit. But this ore is, of course, not lost unless the whole mine goes 
to wreck. 

In concentrating and milling the greatest l6sses occur and the 
percentage of these is largest in the low-grade deposits. In the 
earlier days of gold and silver milling enormous amounts of rich 
tailings were sent down the creeks and gulclies and permanently lost, 
largely because of conviction that the values could not be recov- 
ered, partly perhaps because of disinclination to let it be known that 
the tailings contained any values. Matters have changed in this 
respect, and tailings are now generally stored with a view to possible 
reworking. No doubt the States could aid this practice of economy 
by legal requirement of such storage, a policy which besides is desir- 
able in order to avoid contamination of the water supply. 

The losses of gold, silver, copper, and lead in smelting are generally 
not large, and, moreover, the slag is necessarily and easily stored. In 
many cases the slags of earlier years have been worked over. By far 
the greatest losses take place in the concentration of copper, lead, and 
zinc ores. They probalbly reach their maximum in zinc ores or in 
copper ores with soft metallic minerals like chalcocite, and here often 
attain 30 per cent or even 40 per cent. These operations are also 
conducted on a large scale, making storage of tailings difficult, but 
the same principle should be applied by legal requirements wherever 
possible. Somewhat better conditions now prevail in Missouri than 
lormerly, but some years ago it was not at all uncommon to have 
losses in zinc concentration reaching 40 per cent. 
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No doubt it will be impracticable, under our system of ffovem- 
ment, to compel mine owners to prevent unnecessary waste by pre- 
scribing certain working methods. Probably no European state has 
ever gone so far. Storage of tailings will probably prove to be the 
best remedy if it can be legallj^ enforced. 

It is perhaps in the utilization of by-products that we have most 
to learn, but the standpoint is naturally taken by miners and smelting 
men that if it can not be done with profit it had better not be done at 
all. I refer specially to the smelter fumes and to the extremely large 
quantities of sulphur and arsenic that are driven off in the air, some- 
times with great damage to the surrounding agricultural districts. 
The case of arsenic is especially interesting. The statement is made 
by F. L. Hess <» that- 
Enormous quantities of nrsonic in fumes continually escape from the smeltem 
of the country, while at present comparatively little arsenic is saved. Harking 
and Swain (Jour. Am. Chem. Soc., vol. 19, 1907, pp. 970-998) state that in 
August, 1905 (when the experiments were made), from the Washoe smelter, 
which works exclusively upon Butte copper ores, 59,270 pounds of arsenic trl- 
oxide per day were passing through the stack. This is equivalent to 10,817 short 
tons per year, and is exclusive of what arsenic trioxide was saved from the flues. 
At 5 cents per pound, the lowest price for which white arsenic sold in 1907, 
this waste product of one year would be valued at $1,081,700. The waste 
arsenical fumes at this plant alone amount to more than six times the domestic 
saving of arsenic trioxide, and to much more than the combined production and 
imports of arsenic in the United States each year. 

At the Butte reduction works and the Great Falls smelter other great quanti- 
ties of more or less arsenical Butte copper ores are treated, from which no sav- 
ing of arsenic is known to have been made, and from which the losses must be 
very great. 

In Utah both the Bingham and the Tintic copper ores are arsenical, and 
no saving has yet been made from them, though immense quantities of ore are 
smelted. 

It is recognized that in handling a low-priced product like arsenic, saving 
can not be carried to extreme refinement without becoming unprofitable. How- 
ever, arsenic is now being extracted from sulphuric acid at a numl)er of estab- 
lishments in England, and both products are cheap articles. If even one-half 
of the arsenic wasted were saved, the market in this country would be glutted. 
However, without taking account of the possibility of greater demand, if there 
were a greater supply at a somewhat lower price, there will in time probably 
l)e some plan devised for the better saving of smelter fumes, through the 
operation of which it will be unneeesssary for this country to import arsenic 
while so much is continually being wasted. 

Smelter fumes occupy a similar position to tailings in mills, but 
they can not, of course, be stored. On the contrary, they spread over 
the country, frequently damaoring the vegetation near the smelter, 
and the compulsory saving of the sulphur and arsenic contained will 
probably soon, in most cases, be required by law. 

In many cases the waste in mining and milling is the result of 
ignorance. Dissemination of knowledge and investigation of methods 
by bureaus of the Federal Government and the States will do much 
to check the waste. 

GENERAL CONCLUSIONS. 

The individual reports on the separate metals will show that the 
ra«?ources in each case are very large, but that they can not (witli 
few exceptions) be measured with any accuracy. To give definite 

• Mineral Resources, U. S., for 1907, separate on " Antimony and arsenic," p. 0. 
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figures representing our metal supply is quite out of the question. 
It will be shown that our resources of silver, copper, and zinc are 
very large and that a moderate rate of increase in production can be 
mamtained probably for the next twenty years at least. In case 
of lead it is not probable that the production can be very greatly 
increased. While it is true that, with a continuation of the present 
increasing rate of production, the known reserves, workable under 
present conditions, will be exhausted before the middle of the present 
century, this prediction should not be announced without important 
qualifying clauses. The nature of the case prevents a full knowledge 
of our resources. They are developed by mining operations only, 
and exploration does not materially anticipate unusual demand. Ten 
years ago a review of our metallic wealth would have revealed a 
far greater shortage in the supply of metals than is now believed to 
exist, and it is probable that, in case of some metals at least, ten years 
from now our resources will be known to be greater than they are at 
present. The higher grade of ores of copper and lead are growing 
scarce, but improvements in technologic processes, by lowering the 
cost of reduction, have added great quantities of lower-grade ma- 
terial to our availabla ore supply, and will probably continue to do so. 
With increasing demands quantities of old metals will be returned to 
use. The importance of this factor is great, but it is difficult to 
measure. In case of gold it does not seem likely that, ^ on the basis 
of present developments and processes, our production can be made to 
greatly exceed $110,000,000 per annum for the next twenty years. 
And on the same basis it would seem likely that after some such period 
the gold production would gradually decrease. 

If we were sure that the development of the world would proceed 
indefinitely on the same lines as those of to-day ; that metals would 
have the same value; that the same metals would be used for the 
same purposes; then it might be possible (to use an expression of 
Professor De Launay «) " to strike a balance between us and our 
descendants." We have not this knowledge. We may forecast what 
is likely to happen and what our needs will be in the metal industry, 
for the next ten, twenty, possibly fifty years. The conditions and 
developments in the more distant future are completely beyond us. 

It is reasonably certain that the industrial development of the 
world will continue on an ever increasing scale. But who can tell 
us what methods and materials will be used, and what new discov- 
eries in little explored continents will disclose? Substances now 
eagerly sought may then be of little value; reserves established by 
the States may be useless and simply serve to restrict the present 
development. Legislative interference with production of metals is 
likely to be futile and probably can not in the long run successfully 
interfere with the operation x>i economic principles based on laws of 
supply and demand. 

GOLD. 

PRODUCTION OF THE UNITED STATES. 

Since 1892 the gold production of the United States has increased 
at a very rapid rate. An output of $60,000,000 was recorded in 1852 

«De Launay, L., La conquOte min^rale, Paris, lOOS, p. 379 et seq. 
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and 1854, shortly after the discovery of the California placers. From 
that time the production decreased gradually to $30,000,000 in 1883 
and 1884 and then rose slightly, remaining at about $33,000,000 from 
1885 to 1892. The eflfect of the Cripple Creek discoveries and of the 
application of the cyanide process oecame apparent after 1892 and 
the production steadily mounted to about $80,000,000 in 1902. A 
serious falling oflf in Colorado reduced the total in 1903 to $73,500,000, 
but during the next four years in consequence of the discoveries in 
Alaska and the development of the dredging industry in California, 
there was a renewed rise which culminated in a production of over 
$94,000,000 in 1906. 

In 1907 the output fell to $90,400,000, but a further decline is not 
probable for 1908. The causes of the decrease in 1907 were the gen- 
erally disturbed financial conditions, labor troubles, and a scarcity of 
water in Alaska. 

The output of the United States is shown in the accompanying 
diagram. 

PRODUCTION OF THE WORLD. 

The rapid increase in the annual production of gold of the world is 
a feature which has been the subject of much discussion in its relation 
to the monetary systems and financial affairs generally. The facts 
are best brought out in the accompanying diagram. California and 
Australia in the earlv fifties brought the production rapidly to $180,- 
000,000 from about "$10,000,000 in 1830. The output in the earlier 
part of the century was largely derived from Russia. The gradual 
decay of placer mining in California and Australia reduced the yield 
for the world to nearly $100,000,000 about 1886. In the period from 
1885 to 1890 numerous discoveries in South Africa, in Western Aus- 
tralia, and in Colorado changed the aspect of the industry. 

The cyanide process, which gave better extraction at reduced cost, 
was introduced about this time. In South Africa especially this 
process has proved of the utmost importance. A little later dis- 
coveries were made in Alaska, Nevada, the Canadian Yukon, Mexico, 
Rhodesia, and West Africa, notwithstanding the assertion made by 
many that no further important supplies of gold were likely to be 
found. 

Thus, since 1887 the production of the world has been trending 
upward, except for the temporary decline due to the Boer war, and in 
1907 was about $412,000,000. It will be observed that Africa now 
(1907) contributes about $151,000,000, or one-third of the world's 
production, and of the African output about $133,000,000 comes from 
a small district in the Transvaal. 

Barring new and unexpected discoveries it is believed that the 
world's production will not increase hereafter at the recent rapid 
rate of advance. It is believed that the maximum production has 
nearly been reached in the Transvaal, although the present output can 
be maintained for a long time, probably for more than thirty years. 
The output of Australia from present indications is more apt to 
decline than to increase. 

As indicated by the diagram, the production of Russia forms a 
solid and constant substratum on the permanence of which it is fair 
to rely. A continued increase in the United States is scarcely to be 
expected, although the recent history of gold mining in Nevada 
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shows what unsuspected riches may lie for decades within easy reach. 
It is true that there are large unprospected territories in South 
America which with developing lines of communication may produce 
much gold, but on the whole the probabilities of the immediate 
future are rather in favor of maintenance of the present level of 
output than of a further sensational advance. 

RESOURCES OF THE UNITED STATES. 

The diagram shows that the production of the United States can, 
for present purposes, be dividea into five parts. In 1907 Colorado, 
Alaska, California, and Nevada in the rank indicated contributed 
each from $15,000,000 to $20,000,000 to the total output. The remain- 
ing fifth part, approximately $19,000,000, came from Utah, South 
Dakota, iiontana, Arizona, Idaho, and Oregon, the amount from the 
remaining States (southern Appalachian region, New Mexico, Wash- 
ington, and Wyoming) being negligible. 

IDAHO AND OBEQON. 

Great constancy has been shown by Idaho and Oregon in their 
gold output, which for each State generally is below $2,000,000 per 
annum and may be expected to continue on the same basis for many 
years to come. The product is from placers and gold-quartz veins. 

SOUTH DAKOTA. 

In South Dakota the output has varied since 1889 from $3,000,000 
to $7,000,000. Of this about $5,000,000 is derived from the Home- 
stake mine, the most productive gold mine in the United States. The 
total yield of this mine approaches $60,000,000. A large tonnage of 
low-grade ore (about 1,400,000 tons per annum) is treated in a mill 
with 1,000 stamps. The deposit, as far as known, does not approach 
exhaustion ; the shafts have not attained great depth. The blanket 
deposits in limestone may be exhausted at an earlier date than the 
Homestake, though the reserves appear to be fairly large. It is 
likely that South Dakota will be able to maintain its production for 
a long time. 

ABIZONA. 

Arizona has for many years supplied from $1,000,000 to $3,000,000, 
which is derived about equally from the copper ores of United Verde, 
Globe, and Bisbee on one hand, and the gold-quartz mines of Yava- 
pai, Mohave, and Yuma counties on the other hand. From neither 
source is much falling off to be expected for the next ten years; a 
moderate increase is more probable. 

MONTANA. 

Montana has long maintained a steady gold production ranging 
from $3,000,000 to $4,000,000. For some vears $1,000,000 has been 
derived from the Butte copper ores, and an equal amount from 
cyaniding the quartzose ores of Fergus County. The latter supply, 
however, has recently shown a sharp decline. The balance of the 
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State total has come from a great number of small gold and silver 
mines in several counties. It is not likely that the production of 
Montana in the near future will sink below $3,000,000. 

CALIFOBNIA. 

The California production is notable for its constancy. Since 1885 
the State has annually supplied from $12,000,000 to $19,000,000 in 
gold. The rise noted in the diagram during the last few years is 
largely due to the development of the dredging industry. In 1907 
the State produced $16,900,000, which, disregarding some minor 
sources, may be divided as follows: Quartz mines, $9,400,000; cop- 
per mines, $350,000 ; placer mines, $6,800,000. The production from 
quartz mines has of late decreased, but it may be relied upon to con- 
tinue, with fluctuations, for a long period. There are few very large 
mines, but there are many which have shown ability to maintain 
moderate production for many years past. Few of the mines have 
ore developed for more than two or three years, and even approxi- 
mate figures as to future reserves are out of the question. On the 
other hand, a long-continued and steady output gives assurance of a 
continuance for a long period of years, with probable ultimate 
diminution. The gold from copper ores will increase, and may in a 
few years reach $1,000,000. 

The placer-mining industry of California presents some interest- 
ing features. For many years the production from this source grad- 
ually decreased. This was largely due to the prohibition of hydraulic 
mining in the drainage areas of Feather, Bear, Yuba, and American 
rivei-s on account of the damage done to farming lands and to the 
harbor of San Francisco. 

In the last ten years gold dredging has been developed to a high 
degree in consequence of the improvements in dredge construction 
and of the discovery that a large area near the mouths of the rivers 
flowing from the gold-bearing region of the Sierra Nevada is avail- 
able for such mining. The output from the dredges in 1907 was 
somewhat over $5,000,000. Very sanguine predictions have been 
made as to the amount of land available for dredging in California 
and in the Rocky Mountain States, and to some degree they are 
justified. The fact remains, however, that the production of the 
Rocky Mountain States from dredging is as yet very small (about 
$300,000 in 1907), and it is believed that there are no extensive areas 
which at all compare with those at the base of the Sierra Nevada. 
It is estimated by the most competent authorities that the known 
dredging lands in the great valley of California amount to 18,000 
acres. If an average depth of 45 feet, corresponding to 72,600 cubic 
yards of gravel per acre, and an average content of 12 cents per cubic 
yard, or $8,712 per acre, be assumed, then 18,000 acres would ulti- 
mately yield $156,800,000. Up to 1905 about 700 acres had been 
worked. This crude estimate may be considerably oflf the mark, but 
it serves to show that a large amount of gold is contained in the 
dredging lands, and that the industry will be of great importance 
for the next quarter century at least. The total dredge production 
of California since 1900 is about $18,000,000. 

It has been stated that the production of the placer mines, out- 
side of the dredges, has receded pretty steadily for many years, and 
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that this is due to the practical prohibition of hydraulic mining in 
the basins of the principal rivers draining into the great vaUey. 
The gold reserves in these gravels are undoubtedly very large. Were 
these mines allowed to operate, several million dollars per annum 
could undoubtedly be added to the California production. Estimates 
by the United States engineer ofScers indicate that in the basins 
of the Yuba, American, and Bear rivers 1,500,000,000 cubic yards of 
gold-bearing gravel would ultimately be available by expensive de- 
velopment work, consisting in tunnels, ditches, etc., the amount at 
present available being about 500,000,000 yards. Adding to this esti- 
mate 100,000,000 cubic yards for the Feamer River and the southern 
rivers draining into the San Joaquin, we would have 1,600,000,000 
cubic yards, much of which is poor, but which may be assumea to 
average 6 cents per cubic yard. 

According to this rough estimate nearly $100,000,000 in gold would 
be available if the hydraulic mines of the central gold region were 
permitted to work. Siskiyou and Trinity counties now yield $600,000 
per annum from- their hydraulic mines. The extent oi the reserves 
m these counties is less well known, but they are believed to be large. 

No State or Territory (except Alaska) compares with California 
as to the probable extent of gold reserves. There is reason to be- 
lieve that California can maintain a production of $15,000,000 per 
annum for the next fifty years, and that then it probably would not 
be exhausted. Ultimately, of course, the gold reserves would become 
smaller^ as has been the experience of the European countries in which 
gold mming once flourished. Eventually the gravels will be worked 
out, the dredging ground exhausted, the quartz mines impoverished 
or difficult to work on account of increased expense at depth. But 
this is looking far into the future. What the accompanymg indus- 
trial conditions will then be is beyond our ken. 

ALASKA.* 

Though recently discovered, the mineral resources of Alaska have 
proved to be enormous. The total production of gold has risen 
rapidly and almost continuously since 1890. It reached $21,400,000 
in 1906, but fell to $18,500,000 in 1907, and may decline somewhat 
further in 1908. This recession is, however, only temporary, for it 
is believed that the resources in placer gold are very large. The total 
gold output of Alaska since 1880 is about $122,000,000. Of this 
about $25,000,000 was produced from quartz mines in southeastern 
Alaska, which annually yield about $3,000,000. The Treadwell 
Island group of mines is the principal factor, with an ore production 
of 1,400,000 tons per annun and a recovery of about $2.50 per ton. 
The deposit can be compared only to that of the Homestake mine 
in Soum Dakota, and, so far as mown, the ore body shows no con- 
traction or serious diminution of tenor in depth. The greatest depth 
now attained is 1,650 feet. Probably no obstacles to mining at far 
greater depths will be encountered, and the present production seems 
assured for many years. There are other important quartz mines in 
process of development. 

«A more detailed report on the Territory will be contributed by Mr. A. H. 
Brooks, of tbe Alaska division of the U. S. Qeological Survey. 

72539— S. Doc. 676, 6(^-2, vol 3 34 ^ r 
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The placer fields of Alaska are chiefly in the Yukon basin and in 
Seward Peninsula. Mr. A. H. Brooks nas shown that in the latter 
region the gravels contain a total of about $800,000,00a There is 
probably as much in the Xanana (Fairbanks) and Yukon basins and 
the largest part of this will probably be extracted by dredging. With 
better conynumcations and with the development of technical methods, 
gravels of lower grade can be worked, although the lowest grade of 
material possible to handle must remain very much higher than for 
corresponding gravels in California. While in the latter State 10 
cents per cubic yard will yield a profit, 50 cents will probably be the 
lowest limit for some time to come in Alaska, where steam thawing 
must be resorted to aa a rule. 

The copper deposits will add a certain, though not very lar^e, 
amount to the gold production and it is not impossible that workable 
^>ld-quartz mines will be discovered in Seward Peninsula and on the 
Yukon. 

As far as visible supplies are concerned Alaska stands easily first 
in the United States and will yield a large annual production of gold 
for a long period of years. 

COLOBADO, 

Until 1892 Colorado was of comparatively small importance as 
a gold producer. From three to four million dollars were con- 
tributed with great regularity from the Gilpin-Clear Creek field 
and the San Juan region. The former field continues its production 
steadily with few changes ; the depth attained is comparatively small 
and a continued yield of about $2,000,000 may be expected for an 
indefinite time. The San Juan region came into prominence some 
fifteen years ago with the development of the Telluride, Ouray, 
and Silverton mines and now yields annually $5,000,000 to $6,000,- 
000. Some mines bid fair to continue for many years; others show 
signs of exhaustion, but the region has CTeat possibilities and a long- 
continued production may be expected. In most cases reserves of 
" developed" or " probable" ore are not large. One prominent gold 
mine in this region now has reserves for two years in sight; but 
few have more and many have less. 

The unexpected discovery and development of the Cripple Creek 
district in 1890 brought Colorado to the front as a gold-producing 
State and rapidly increased the State's output from an average of 
$4,000,000 to nearly $29,000,000 in 1900. In 1907 the gold produc- 
tion of Colorado was about $21,000,000. The new district proved ex- 
tremely rich, but the largest ore bodies have now been worked out 
down to the depth of the lowest drainage tunnel. The quantity of ore 
above that tunnel has been enormous. Including 1907, Cripple Creek 
has produced $179,000,000. The maximum production of $18,000,000 
was reached in 1900. In 1907 the output was $11,000,000. The future 
of Cripple Creek is largely dependent upon the character of the 
veins below the present tunnel level. A new tunnel 700 feet below 
the present drainage level is now being driven, but it will be at least 
two years before it will have reached the producing area. It is be- 
lieved that the deposits will be less rich at greater depths, but the 
tunnel is likely to open many important ore bodies and its completion 
should be followed by an increase in the output, which may be main- 
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tained for many years. But it should be steadily borne in mind that 
this is only a probability. We know little about the conditions or 
the size of the ore shoots below the bottoms of the present shafts. 

The conditions in Colorado are very different from those in Cali- 
fornia and Alaska. There are few extensive gravel beds which may 
be confidently predicted to yield millions of dollars. Basing an 
opinion as to the output of the future simply on the records of the 
past, one may say that the State will probably be able to maintain a 
production of $15,000,000 to $18,000,000 for a long period, and that 
the ultimate exhaustion of its lode mines is probably far distant 

NEVADA. 

The gold-mining industry of Nevada has been characterized by 
sudden outbursts of high production followed by periods of depres- 
sion. The bonanzas of gold and silver ores of the Comstock, Eureka, 
Tuscarora, and Pioche m the seventies were rapidlv exhausted ; then 
followed two decades from 1883 to 1903 of small gold production 
ranging from $1,000,000 up toward $4,000,000. The discovery of 
Tonopah and Goldfield brought another sudden rise in production, 
and in 1907 it attained $15,000,000, of which $11,000,000 was derived 
from the two new gold camps. The State has been very extensively 

Erospected during the last eight years, and many new camps have 
een discovered, which, with improvement of methods and communi- 
cations, will add their quota to its output 

To this State applies in a still higher degree what has been said 
about Colorado. Tne known reserves of ore are generally small, while 
their grade is high. One important mining corporation states in its 
report that it has reserves oi about $8,000,000 m value, but this is 
exceptional. Other mines now producing will probably be exhausted 
in a short time. On the whole, however, it is likely that the aggre- 
gate output from the many mining camps already discovered wul be 
sufficient to keep the production oi the next ten years at least close to 
the $10,000,000 mark. 

The copper mines of Ely will soon afford a steady yield of 
$800,000 to $500,000 per annum in gold as a by-product. Discoveries 
of deposits of great importance are always possible in Nevada. 

CONCLUSIONS. 

In the preceding paragraphs it has been shown that the reserves 
in gold or the United States are great, but that they can not be ap- 
praised with anything approaching exactness. Only in case of the 
placers is a rough estimate possible. It has been shown that the 
resources in placer gold are chiefly in Alaska and California. Based 
on present methods of working and present wages the recoverable 
amount of gold in these placers would perhaps approximate $1,000,- 
000,000. The other States have also resources in placer gold, but they 
are of importance only in Montana, Idaho, and Oregon, and even in 
these States they are small compared to Alaska and California. 

The placer gold won in the United States in 1907 amounted to 
about $24,000,000, and it is believed that this quantity can be sup- 
plied for a long succession of years. Ultimately the placers will be 
eichausted. 
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The amount of gold derived from copper ores in 1907 was only 
about $5,600,000, but this represents a stable and even increasing 
quantity which is to be relied upon at least for the next quarter cen- 
tury and most likely much longer. The gold derived from lead ores 
is much less (only about $2,100,000), and will probably slowly 
decrease for the next ten or twenty years. 

From quartzose gold and silver ores $55,000,000 was tecovered in 
1907. No calculation can be made as to total reserves available, and 
the figures, could they be collected, would be of little use. Mines will 
be exhausted, but new ones are coming in. Ore shoots are worked 
out, but others are found. Most of the mining districts have as yet 
attained only a very moderate depth, and it may be said that the 
resources of siliceous gold ores are very far from being exhausted. 
Just how long they wul last nobody can tell. In a general way ore 
deposits are more likely to decrease than increase in richness as depth 
is attained, and at the same time the operating costs are likely to 
become higher. It would seem that this ultimate decline is rather 
far off at the present time. Certain parts of the western country, 
particularly Nevada, Washington, and Idaho, still suffer from in- 
adequate railroad communication, and each new line as a rule 
leads to the opening of a number of deposits which previously were 
unprofitable. 

New discoveries are always possible and in some regions are prob- 
able. Methods of working are steadily improved. 

Unless very important new discoveries are made it is thought un- 
likely that the production of gold in the United States will rise much 
above $110,000,000. Nor is it likely that it will sink below $60,000,- 
000 within a long period of years. 

The gold-bearing gravels and the dredging lands of California and 
other Cordilleran States have long ago passed into private hands. 
Only in Alaska are there any considerable amounts of such public 
lands left. It is believed that it would be in the highest degree inad- 
visable to withdraw from location any part of the placer lands of the 
public domain. 

Regarding lode mines it must be remembered that land classed as 
mineral and part of the public domain may or may not be valuable. 
The value can, as a rule, he esablished only by expensive prospecting 
operations. To withdraw such mineral lands or to put a royalty on 
the product would be unwise. 

WASTE. 

There is comparatively little waste in the mining of gold ores. In 
the concentration of base ores the loss of gold is large, probably 80 
l>er cent, but there is a relatively small amount of gold involved. In 
the usual combined process of amalgamation and concentration fol- 
lowed by cyaniding or in chlorination the loss is small ; the recovery 
is generally about 90 per cent. In the recovery by smelting the loss 
of gold is extremely small and practically all of it is collected in lead 
or in copper matte. In electrolytic refining of copper and lead the 
loss is negligible. 

At the same time it would be advisable to make storage of mill 
tailings compulsory. The reworking is sometimes profitable and can 
be done at httle expense. 
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Mudi has been said about the loss in placer mining and in hasty 
operations in rich ground, as in Alaska ; this is undoubtedly heavy, as 
attested by the repeated working of such ground. Even in better con- 
structed plants there is some loss of fine gold, but the recovery is 
probabljr 96 per cent. In plants of the best kind, for instance hy- 
draulic installations with imdercurrents or dredges with the most 
improved appliances, the recovery may be considerably higher. It 
should be added, however, that few exact data concerning these losses 
are available. 

CONSUMPTION. 

The consumption of gold in the United States approximately equals 
the production ; at least this appears to be true for the last thirty-five 
years. 

I© 1906, according to the Director of the Mint, the quantity of 
gold used in the arts, exclusive of gold coin and old material, had a 
value of about $29,000,000. (Total amount used in the arts, 
$39,000,000.) The quantity used has doubled since 1900. In 1906 
gold was comed to the amount of about $79,000,000.« The total gold 
used for coinage and the arts in the United States in 1906 had thus 
a value of $108,000,000, or $14,000,000 more than the domestic product. 
The records show that a balance of $109,000,000 was imported during 
the same year, so that for 1906 $203,000,000 would represent the con- 
sumption of gold in the United States. The amount imported in 
1907 was, however, unusually large. 

For the period 1901-1905, according to Mr. Biedermann's * figures, 
the addition to the gold stock of the United States was $412,000,000, 
and this figure is $8,000,000 less than the domestic production for 
the five years. According to this the United States retained prac- 
tically afl of the gold produced within its territory for this time. 

The total metallic stock of gold held in the United States on De- 
cember 31, 1906, was, according to the estimate of th" l^'r • >r of 
the Mint, about $1,600,000,000. The production of the United States 
since 1873 is $1,650,000,000. 

The total stock of gold coins in the world in 1905 was $8,050,- 
000,000. Adding to this $2,000,000,000 as the probable amount used 
in the arts, we have a total of $10,000,000,000. Against this the total 
gold production of the world since 1860, according to the Director of 
the Mint, is $7,652,000,000. 

The gold production of the world for the five-year period, 1901- 
1905, amounts to about $1,688,000,000.<^ This has ultimately been 
divided between the nations as follows: United States, $412,000,000; 
France, $378,000,000; Germany, $242,000,000; India, $177,000,000; 
Great Britain and Austria, each $112,000,000. 

The flow of gold to India and Egypt has often been emphasized in 
the press. No doubt such importations are manufactured into jew- 
elry or are hoarded and are permanently lost to commerce and in- 
dustry. The above figures will show, however, that such hoarding 
has not caused the great demand for gold during recent years. The 

« Probably $6,000,000 of this consisted of mutilated domestic coins and scrap. 
^ Bledermann, E., Die Statlstlk der Edelmetalle, etc : Zeltschr. Berg, Hiltten 
XL. Sallnened wesen, Bd. 56, Heft 1, Berlin, 1908. 
^Bledenuann, K, op. clt. 
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real cause is the heavy absorption of the metal by the oommercial 
nations in order to fortify their monetary position. The introduc- 
tion of the gold standard has forced those great nations to create large 
gold reserves. This process has been gomg on for the last twenty 
years, but from now on the demand for gold for this purpose will 
probably slacken. 

SILVEB. 
PRODUCTION OP THE UNITED STATES. 

The silver production of the United States became of importance 
about 1860 and increased rapidly up to 1892, when it attained 63,500,- 
000 fine ounces. The decline in the price had begun in 1876, and in 
the year of maximum output the price had fallen to 88 cents per fine 
ounce. Since 1892 the yield of silver has remained practically Qpn- 
stant, averaging about 65,000,000 ounces. In 1907 it was 56,500,000 
ounces, but flie present year will witness a considerable decline. The 
lowest price of silver was about 47 cents, in 1902. The price rose to 
70 cents in 1907, but has again declined to 50 cents, in October, 1908. 
The general result has been that a great number of mines which ex- 
tracted silver ores have closed down, but the compensating factor 
that an increasing quantity has been obtained as a ty-product from 
lead and copper ores has kept the output steady. The lower line in 
the diagram shows the course of the production of the metal in the 
United States. 

PRODUCTION or THE WORLD. 

The world's production of silver was 92,000,000 ounces in 1885, and 
about 178,000,000 ounces in 1907. The upper line in the diagram 
represents the world's production in the same time, and it well illus- 
trates the constancy oi the supply. The United States and Mexico 
are the most important contributors to the production of the world, 
tJbe supply from each source being from 55,000,000 to 66,000,000 
ounces. The rehabilitation of the mining industry of Mexico, which 
has taken place in the last twenty years, has CTadually increased its 
output to more than double that of 1885. The remaining third of 
the world's production is mainly derived from New South Wales, 
Germany, Peru^ and Bolivia. In many countries the output of silver 
is receding, owing to low price and difficulty of competing with the 
United States. To offset tnis, the silver output of Canada has lately 
been increasing at a rapid rate, and in 1907 attained nearly 20,000,000 
ounces. 

RESOURCES OF THE UNITED STATES. 

The silver-producing States had in 1907 the following rank : Colo- 
rado, Montana, and Utah, each producing slightly over 11,000,000 
fine ounces; Nevada and laaho, each yielding about 8,000,000 ounces; 
Arizona, 3,000,000 ounces ; and California, 1^00/)00 ounces. None of 
the remaining States produced over 600,000 ounces. 

An analysis of the statistics of 1906 is published in Bulletin 340 
of the United States Geolo^cal Survey. From this it appears that 
the total output, disregarding the small amount of silver obtained 
from placer gold, was derive as follows: From lead, copper, and 
zinc ores, 40,100,000 fine ounces; from quartzose gold and silver ores, 
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16^500,000 ounces. A large proijortion of the bfise-metal ores con- 
tained only a small amount of silver, which might be properly re- 
garded as a by-product. Quartzose gold ores also contam silver 
which is recovered as a by-product and from this source 4,000,000 
ounces were obtained in 1906, making one-quarter of the total from 
quartzite ores. 

Looking at the question frcrni another standpoint, it was found that 
from ores which carry predominating silver values, and which thus 
may be classed as silver ores, 19,500,000 fine ounces of silver were ob- 
tained. This is somewhat more than one-third of the total output of 
56,600,000 ounces. It must be taken into consideration, however, that 
at least one-half of these ores could be profitably mined only because 
other metals besides silver were present. Only 1,500,000 ounces were 
obtained from ores containing no other recoverable metals. 

From these data the present small importance of silver mining as a 
distinct and separate industry is clearly perceived. The pure silver 
ores are not scarce, but at the present price of the metal they can not 
be profitably treated unless containing at least about 20 ounces per ton. 
The lead ores of the Rocky Mountain region are as a rule richer in sil- 
ver than the copper ores. In the lead ores of the Mississippi Valley sil- 
ver is either absent or contained in extremely small quantities. Should 
the quantity of lead ores mined in Colorado and Utah gradually 
diminish, which seems probable, a corresponding diminution of the 
silver supply would follow. On the other hand, copper will probably 
for many years be mined on an increasing scale, and although the 
copper ores are poor in silver, the great tonnage handled wul add 
much silver to our annual output and compensate for the possible 
loss from the decrease in the supply of lead ores. The zinc ores do 
not contain much silver; those) of southwestern Missouri are free from 
silver, and the Rocky Mountain ores rarely contain more than a few 
ounces per ton. 

From all this it is evident that the present supply of silver is 
assured as long as the inining of lead and copper ores, as well as of 
quartzose gold ores, continues on the present scale. Should there ever 
be a scarcity of silver, with accompanying rising price, the Rocky 
Mountain region beyond doubt contains a large supply of quartzose 
low-grade silver ores which could be profitably extracted with silver 
above 70 or 80 cents per ounce. 

CONSUMPTION, 

The United States consumes only a part of the silver produced. 
The domestic consumption is divided between coinage and industrial 
uses for the manufactures and arts. The demands for the latter use 
have doubled since 1898, and at present the amount consumed is 20,- 
000,000 ounces, of which about 4,000,000 ounces represent old material 
remelted. For coinage the mints consume variable amounts ranging, 
during the last ten years, from 4,500,000 ounces to 23,000,000 ounces. 
In 1906, 7,700,000 fine ounces were coined. The total domestic con- 
sumption of the yearly product of the mines may be placed at 25,000,- 
000 ounces. The remainder, about 32,000,000 ounces, is exported 
As is well known, the larger part of the export is taken by India and 
China. The demand by India is in the aggregate an enormous sum 
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and is increasing at a rapid rate. For 1906-7 the total imports of 
silver by India were over 118,000,000 ounces, an increase of 34,000,000 
ounces over 1905-6. On the other hand, the generally much smaller 
demand from China fell oflf, and during 1906 that country act- 
ually exported silver. The larger part of the silver which goes 
to India is, as well known, permanently lost to our industrial world 
by hoarding. Since the Indian ffovemment has succeeded in estab- 
lishing the permanent value of me rupee at 16 pence (on basis of 
1 : 21.85) it is likely that the decline in price of silver will be checked, 
but the supply appears to be so great that a vigorous recovery can 
hardly be expected. 

GOPPEB.a 
PRODUCTION OF THE UNITED STATES. 

The copper-mining industry of the United States has developed at 
a rapid rate. In 1888 the production was 226,000,000 pounds of the 
metsil. After eight years, in 1896, it had doubled. After ten years 
again, in 1906, it had nearly quadrupled, attaining almost 918,000,000 
pounds. Reactionary tendencies developed in 1907 and 1908, and the 
output of the latter year will probably be about 860,000,000 pounds. 
It is impossible to accurately forecast the final character of the curve 
of production, but if we draw a straight line from the point on the 
diagram representing the production of 1883 to that of 1908, we shall 
with some probability have the trend of the production for future 
years. It is altogether improbable that the increase will continue at 
an increasing rate; more likely the rate will gradually diminish; a 
straight line will probably express its trend for the next ten years, at 
least. On this basis the production would be about 900,000,000 pounds 
in 1910, and 1,160,000,000 pounds in 1920. The following table will 
give a good idea of the growth of the industry since 1845. It shows 
that the rate of increase during the present decade is considerably 
smaller than it was during the decades 1881-1890 and 1891-1900: 

Magnitude and growth of copper production in the United Btates from 1845 to 

1907, inclusive. 



Year. 


Production. 


Increase. 


AvBraee annual 
(ncrease by decades. 


1845 


Pmmdt. 

00 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 


Poundt. 


Percent. 


Pounds. 


Percent, 


1846 


112,000 

336,000 

450,000 

426,000 

» 112, 000 

660,000 

448,000 

2,016,000 

610,000 

1,730,000 

2,240,000 

1,792,000 

1,568,000 

1,792,000 

2,016,000 


50.01 

loao 

67 
40.0 
»7.1 
23.1 
22.2 
81.8 
12.5 
33.3 
33.3 
20.0 
14.6 
14 5 
14.3 


242,400 
1,467,200 




1847 




1848 


sac 


1849 




1850 




1851 




1852 




1863 




1854 




1855 




1856 


27.0 


1867 




1858 




1859 




1860 





• Prepared with the assistance of Mr. L. C. Graton, of the U. S. Geological Surrey. 

* Decrease. 
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Magnitude and growth of copper production in the United States, etc. — CJont'd. 
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a Decrease. 
PRODUCTION OF THE WORLD. 

The world's production of copper has also increased rapidly, but 
not at the rate attained by the United States. From 274,000 metric 
tons in 1890 it has grown to 711,000 tons in 1907. To this amount 
the United States contributed, respectively, 118,000 and 386,000 
metric tons. The paramount importance of this country is easily per- 
ceived. 

The world's production, outside of that of the United States, in- 
creased as follows: 

Metric tons. 

1890 - 156, 000 

1895 165, 000 

1897 182, 000 

1900 — 219, 000 

1905 297, 000 

1907 325, 000 
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From this it will be seen that the increase was slow from 1890 to 
1895, and that it then began to moimt rapidly^ doubling in the twelve 
years from 1895 to 1907. 

No sinffle country compares in importance with the United States. 
The supply from the Rio Tinto mines in Spain and Portugal is almost 
constant at 50,000 metric tons per annum ; that of Germany and Chile 
likewise, with, respectively, 20,000 and 27,000 tons. Australia, 
Canada, Mexico, Japan, and Russia have shown rapid growth in 
the copper industry; among these Japan leads with an output of 
49,000 metric tons in 1907. For the next few years increased pro- 
duction may confidently be expected from Canada, Mexico, and 
Russia. Copper deposits of enormous extent are reported to have 
been discovered in central Africa. Their product is not likely, how- 
ever, to compete with other sources for five or seven years. 

BESOURCES OF THE UNITED STATES. 

For many years the bulk of the copper production has been divided 
between Michigan, Montana, and AnzonsL. In each of these States 
the increase has been rapid and continuous since 1880, but for a series 
of years, beginning with 1891. Montana far exceeded the other two 
States. In 1895, for instance, Montana produced 50 per cent; Michi- 
gan, 34 per cent ; and Arizona, 12.6 per cent of the total output. Dur- 
ing the last few years there has been a tendency to equalization, caused 
by the rapid advance of Arizona. In 1907, of a total of 869,000,000 

Sounds, Arizona yielded 257,000,000; Montana, 224,000,000; and 
[ichigan, 219,000,000 pounds. Utah comes next with a production 
of 66,000,000 pounds. California yielded 34,000,000 pounds; Ten- 
nessee, 20,000,000 pounds; Colorado, 14,000,000 pounds; New Mexico 
and Idaho each, 10,000,000 pounds; Alaska, 7,000,000 pounds; Wyo- 
ming, 3,000,000 pounds; and Nevada, 2,000,000 pounds. These 12 
States are the only ones which will have to be considered in more 
detail. The less important will first be disposed of. 

COLOBADO. 

Colorado can be dismissed in a few words because the copper is 
largely recovered as a by-product from many mines with mixed ores, 
chiefly, in fact, from the Leadville mines. The State has no im- 
portant copper mines and it is not likely that its production will 
exceed the figure of 1907, when special incentive to the recovery of 
this metal was given by abnormally high metal prices. 

IDAHO. 

Idaho has three copper districts of some importance — the Coeur 
d'Alene, the White Knob, and the Seven Devils. With copper prices 
at 18 cents the last two districts will probably not be able to attain 
a large yield. At present the greatest part oi the production comes 
from the Snowstorm mine in the Coeur d'Alene district. With cop- 
per at 15 cents, or higher, the reserves of the State will be materially 
augmented ana the present production could probably be increased. 

WYOMING. 

The State of Wyoming produces copper from the Encampment 
district, near the Colorado line. The deposits are fairly large apd 
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there is probably a considerable amount of low-grade ore in the 
district. Low-CTade copper deposits are known to exist in Albany, 
Fremont, and Natrona counties. The State will never rank among 
the greatest producers in the country, l)ut may be able to maintain 
a production of a few million pounds per annum. 

NEW MEXICO. 

New Mexico possesses large bodies of low-grade copper ores in 
the Burro Mountains and at Santa Rita. Exact figures can not be 
given, but with copper prices at 15 cents the Territory will probably 
be able to maintain its present output (10,000,000 pounds in 1907) for 
a long period of years. Many of the other mining districts, espe- 
cially the Mogollon and the Organ, will continue to contribute to the 
total output. The copper-bearing sandstones of upper Carboniferous 
to Lower Cretaceous age are developed in New Mexico upon an enor- 
mous scale. They are present in the Zuni, the Nacimiento, the Mora, 
the Oscura, and many other ranges. Past experience has shown that 
with copper at 13, 15, or even 20 cents, these extensive deposits can 
not be profitably worked, except on a small scale for selected rich 
ores ; but with prices above 20 cents they should come into the range 
of probable resources. 

ALASKA. 

The Territory of Alaska contains at least three copper districts 
of importance, the Kasaan Peninsula, Prince William Sound, and 
the Copper River region. From the first and second districts an 
output of 7,000,000 pounds was obtained in 1907. The deposits are 
irregular. The ores of the first district are of low ^ade but easily 
smelted. At copper prices of 13 cents the outlook is doubtful, but 
at a higher rate the peninsula may yield a considerable amount for 
a number of jrears. The deposits on Prince William Sound are con- 
sidered promising, but are too little developed to allow a judg- 
ment as to future possibilities. Probably they will furnish a fair 
amount of copper. The Copper River deposits are likewise as yet 
in the prospect stage, but may in time develop into an important cop- 
per-mining district. The most promising property is at presen.t the 
Bonanza mine, a large body of nigh-^ade chalcocite ore. No data 
are as yet available as to its continuation in depth. 

TENNESSEE. 

At Ducktown, Tenn., the Tennessee Copper Company and the 
Ducktown Sulphur, Copper, and Iron Company are producing an 
aggregate amount of 18,000,000 to 20,000,000 poimds of copper per 
annum. The reserves of ore are believed to be sufficient for at least 
ten years. It is said that the former company has now developed and 
produced ore to the extent of 3,300,000 tons. About 389,000 tons of 
ore were mined by this company in 1907. 

We now come to a consideration of the States which at present 
are of paramount importance in the production of copper. They 
are Micnigan, Arizona, Montana, Utah, Nevada, and California. 
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MIOHIOAN. 



Michigan, which up to the present time has been the largest coxy- 
tributor of all the States to the total copper output of this country, be- 
gan production in 1845 and has been steadily and increasingly produc- 
tive ever since. The output in 1907 was over 219,000,000 pounds. The 
entire production has been drawn from the Lake Superior copper 
district of the northern peninsula, and the productive area is a belt 
1 or 2 miles wide by about 70 miles long. Developments are more 
extensive than in any other copper district. The grade of the ores 
has steadily declinea and now averages only about 1.1 per cent 
recovered. Costs of operations are extremely low, however, and the 
greater part of the present output can be maintained under the cur- 
rent copper market The tonnage of ore that is reasonably assured 
is enormous and probably exceeds that in any other district; it 
is now being depleted at the rate of almost 10,000,000 tons annually. 
One company alone estimates 20,000,000 to 26,000,000 tons remaining 
in one lode (the "Calumet" conglomerate) in its ground that has 
been worked since the sixties of last century. Another lode (the 
Kearsarge) is being mined for 12 miles along its strike almost without 
break, and to depths on the incline ranging down to about 5,000 feet. 
A third very important lode (the Baltic) is being found much more 
extensive than formerly known, and, like the Kearsarge, promises to 
yield an enormous output before exhaustion. Two other lodes (the 
Osceola and Pewabic) are of much importance and may be safely 
counted on for large production for many years. Several of the 
smaller producing lodes will long continue to contribute to the State's 
supply, and some of the extensive development in the northern end of 
the district is likely to bring out important resources. 

The conglomerate ores, which so far have yielded more than half 
the total output and are decidedly richer than the amygdaloid 
ores, will probably cease to be productive, at the present rate of 
working and under normal prices, at the end of fifteen years — twenty 
at most But the amygdaloid ores, which are much more cheaply 
worked and in this way offset their lower yield, are able to maintain 
the district as one of the great copper regions of the world for many 
years to come. The deepest workings have now attained a vertical 
depth of practically one mile, and as the workings are extended far- 
ther down, the increasing cost of operation and the decreasing grade 
of ore will ultimately make mining unprofitable. While this condi- 
tion seems not far in the future at certain local points, its effect on 
the general output of the district will, to judge from present tenden- 
cies, be felt at a very remote time. 

Copper is known to occur for many miles beyond the southwestern 
end or the productive belt, but the development of important re- 
sources there is as yet problematical. It is probable that at best 
that section can achieve important output only under higher prices 
than can be reasonably expected for many years. 



ABIZONA. 



The foundation of the present production of Arizona, which in 
1907 was about 257,000,000 pounds, was laid in 1873, when mining 
began in the Morenci district Within a few years the Bisbee dis- 
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trict became a producer and the ores of the old sUver district at 
Globe became cniefly valuable for copper. Shortly afterward the 
United Verde mine at Jerome became an important producer. The 
production of these four districts increased steadily and rapidly, and 
in 1907 they produced jointly over 240,000,000 poimds, or more than 
the total yield of any other State. While there are a large number 
of other producing districts in the Territory, of which two or three 
are of decided promise, these four principal centers of production 
must be chiefly relied on for many years if Arizona is to maintain 
her output 

BISBEE. 

The Bisbee district produced about 110,000,000 poimds in 1906, and 
practically all of it came from ores of relatively high grade. Most of 
the output was from secondary or enriched ores, and was produced 
at a cost low enough to maintain the district as an important pro- 
ducer with prices decidedly lower than at present. The principal 
companies are known to have good reserves blocked out, but fibres 
as to tonnage and tenor are not available. There is a fair outlooK for 
adding laterally to the productive area. The lowest workings are 
about 1,400 feet deep, ana the primary or little-enriched sulphide ore 
of good ^ade encountered at that depth is an encouraging indication 
of possibilities. 

MOBENOI. 

The high-grade ores of the Morenci district have been largely 
exhausted, and for a number of years the chief source of production 
has been the comparatively low-ffrade concentrating ores formed by 
secondary enrichment The promiction in 1907 was about 63,000,000 
pounds. A large tonnage is still doubtless available for extraction, 
but at a depth which only in a few places exceeds 400 feet the work- 
able ores give way to the original pyritic deposits that are of too low 
grade to 1>b profitably workedunder any conditions that can at present 
be reasonably forecast. The ground that is possibly copper bear- 
ing has not vet been entirely prospected, and during the past three 
years of good prices the principal operators have conserved the better- 
^ade ores. But it seems probable that the district has about reached 
its climax in annual output, and that a sustained period of low prices 
would cause the production to decline sharply. 

At Bisbee and at Morenci the precious metals occurring with the 
copper are not sufficiently plentiful to have appreciable effect on 
conaitions of production. 

GLOBB. 

The Globe ores likewise were formerly of high grade, but the dis- 
trict, which produced 35,000,000 pounds in 1907, is relying more and 
more on its medium and low grade ores. The bulk of the present 
output is from enriched ore. I^an pyritic ore has been reached at a 
depth of about 800 feet, but the secondary ore of workable grade has 
been developed in places to the present maximum depth of about 
1,200 feet There is reason to believe that some of the underlying 
sulphide ore may be profitably extracted, but as a source of important 
contribution to the copper supply this is very uncertain. B^cently 
the Miami Copper Company has developed a very important low- 
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grade deposit of the well-known type, consisting of disseminated sec- 
ondary sulphides. The company estimates 4,200,000 tons of 2.9 per 
cent ore developed and 2,200,000 tons of probable ore in addition, 
with good prospect of increasing this tonnage. They estimate that 
in all probaoility a total of at least 250,000,000 pounds of copper can 
be taken from the mine as at present developed at a cost of 9 cents 
per pound. Production from this property is expected to begin in 
the near future. In the vicinity or Globe there is without doubt a 
large tonnace of ore, partly of good grade, not as yet altogether 
systematically developed. Promised improvement in local transporta- 
tion and bettered metallurgical conditions resulting from increase of 
sulphide ores produced in the district will almost certainly be fol- 
lowed by increased production from this outlying territory, but the 
magnitude and persistence of this supply can not now be foretold. 

JEBOMB. 

The Jerome district, in Yavapai County, produced 33,000,000 
pounds of copper in 1907. As in former years, nearly all this came 
from the United Verde mine. The ore body is a great lens of 
pyrite and chalcopyrite in schists and has been opened by work- 
ings to the 1,000-root level, beyond which depth the ore is reported 
to continue. There is undoubtedly a large tonnage vet to be extracted 
above this level. Gold and silver are present to the extent of about 
1.4 cents per pound of copper, and the copper percentage is high, 
the ore ranking with the Bisbee ores as the richest now mined on a 
large scale in the United States. Prospecting in the surrounding 
region has not as yet disclosed any other deposits of importance. 

OTHEB DISTBICTS. 

At the Silver Bell district, in Pima County, important developments 
have been made and improvements are nearly completed to largely 
increase the production of 1907, which was over 5,000,000 pounds. 
Contact-metamorphic sulphide ores of both smelting and concentrat- 
ing grade have been opened and the tonnajge exposed is reported to be 
large. In the Mineral Creek district of final County the Ray Con- 
solidated Copper Company has opened a disseminated chalcocite body 
in porphyry, and estimates indicate that about 3,000,000 tons of about 
2.4 per cent tenor have been already developed and can be profitably 
worked with copper selling at 12 cents. A large tonnage of low- 

Sade garnet-chalcopyrite ore is reported as existing in the Saddle 
ountain region, in Gila County, but it is not certain that it can be 
worked at the present metal market. A large quantitjr of low-grade 
ore consisting of copper minerals disseminated in sedimentary rocks 
is known in the Grand Canyon region, but development has been 
slight and no generally satisfactory method of reduction has yet been 
found for application at recent prices of copper. 

These four regions have not yet been studied by members of the 
Geological Survey, and further definite information is not available. 

A few million pounds of copper are produced annually in Arizona 
incidental to the recovery of precious metals. This will doubtless 
continue, and the probability is that the quantity will increase some^ 
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what While this source of supply will be relatively independeat of 
the price of copper, it probably can never be of much importance. 

The prospect of discovering new important copper fields in Arizona 
is perhaps orighter than in any other State or Territory. 

MONTANA. 

The importance of Montana as a copper-producing State began in 
1880 with the advent of railroad transportation to Butte, the only 
lar^ copper district of the State. Production increased with great 
rapidity, and in 1887 the district was the most productive in the 
world. It has held that rank almost steadily to the present time, as 
Montana led in the production of copper until 1907, when it was sur- 
passed in this respect by Arizona. The production of the State in 
that year was about 2^,000,000 pounds, nearly all of which was 
derived from Butte. The ore bodies of Butte are secondarily en- 
riched portions of pyritic replacements and impregnations of zones 
of crushed granitic rock. In the early years the ores were of 
extremely high copper content and carried much silver. Now the 
greater part of the production is from rather low-grade concen- 
trating ores, and the recovery from all ores is but little over 3 per 
cent copper. The yield of precious metals is more than 2 cents per 
poimd of copper. The principal output is from a very small terri- 
tory, and prospecting in the outlying ground during the last few 
years has failed, in most cases, to cive encouraging results. A large 
tonnage of ore is undoubtedly still available for extraction, but lean 
pyritic material has been encountered in a number of places at about 
the same depth (the 1,600-foot level of certain mines) and most of 
the good ore bodies that occur at OTcater depths, down to 2,600 feet, 
are probably to be regarded as localizations of enrichment along 
certain easily permeable channels. The cost of producing copper 
is high and the output at the rate of 1905 and 1906, or even of 1907, 
probably can not be maintained for a long period on copper at 13 
cents per pound. 

UTAH. 

The production of Utah has increased greatly during the last few 
years. In 1903 the output was approximately 30,000,000 pounds, 
while in 1906 it had attained 66,000,000 pounds, with prospect of still 
further increase. The Utah copper is mainly derived from the Bing- 
ham district, though smaller quantities are obtained from the Tintic 
and Frisco districts. All these ores yield also much gold and silver, 
and their extraction is therefore to a certain extent independent of 
the price of copper. A production of about 50,000,000 pounds could 
undoubtedly have been maintained for a series of years, as new re- 
serves were constantly discovered. The recent discovery and utiliza- 
tion of the low-grade Bingham porphyry ores, probably the largest 
single body of copper ore known in the United States, will, however, 
advance Utah still further in the rank of the copper-producing 
States. The two largest companies which treat this ore estimate the 
aggregate reserves of ore blocked out or partially developed at 120,- 
000,000 tons, which, provided that all of this ore can be extracted, 
should yield a very large quantity of copper, besides a considerable 
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amount of gold and silver. The yield thus far is somewhat below 
2 per cent copper. The copper can be produced cheaply, it is claimed 
at 8 cents per pound. The tonnage to be treated per day in the plants 
of the Utah Copper Company and the Boston Consokdated Copper 
Company is over 9,000 tons, or 3,160,000 tons per annum. At tnis 
rate the ores would last about thirty-eight years. In addition a large 
amount of ore of somewhat lower but probably workable grade is 
partly developed. 

NEVADA. 

Until recently Nevada was of little importance as a copper-pro- 
ducing State, but the development of the Ely and Mason Valley 
districts have materially changed the outlook. At Ely low-grade 
but enormously large copper deposits have been opened and w2l be- 
gin production in 1908. The three companies working at Ely, the 
Nevada Consolidated Copper Company, the Cumberland-Ely Mining 
Company, and the Giroux Consohdated Mines Company, report an 
aggregate of about 28,000,000 tons of developed and probaole ore 
containing about 2 per cent copper with some gold and silver. The 
mills erected will have a total capacity of 4,500 tons per day, or 
1,500,000 tons per annum. The proved reserves would therefore last 
about nineteen years. The total cost of mining and reduction will, it 
is believed, be low; it is claimed less than 10 cents per pound of 
copper. It is thought that the output of the Nevada Consolidated 
will be at the rate of 24,000,000 pounds per annum. In the Mason 
Valley district near Yerington important bodies of ore have also 
• been opened and will probably soon contribute to the output of 
Nevada. 

CALIFORNIA. 

The copper production in California began in Calaveras County 
about forty years ago, but the industry there soon declined and it 
was not until 1897, when the Shasta County mines began copper pro- 
duction, that the output of this State became important. The pro- 
duction in 1907 was over 33,000,000 pounds. 

SHASTA COUNTY. 

The Shasta County copper region, which in 1907 produced about 
28,000,000 pounds, embraces four districts within an area about 6 by 
20 miles. Kich copper-silver ores were first worked at some of the 
mines, but these have been exhausted, and practically the whole out- 
put is at present derived by smelting massive pyritic ores, which 
yield on the average about 3.6 per cent copper and nearly 8 cents in 
gold and silver per poimd of copper. The ore bodies are large re- 

f)laceraent bodies, mostly in porphyry, and in most cases are flat-lying 
enses ; in a few cases the ore bodies are more nearly vertical. A very 
large tonnage is now blocked out and in process of extraction. One com- 
pany has several million tons practically developed, and four other 
companies have proved up large reserves. One of the largest bodies 
has been practically worked out and the limits of most of the others 
are now known. Additional deposits may be discovered from time 
to time, for the region has not been thoroughly prospected, but the 
probability is that me best deposits eidsting are aireadylmown. Some 
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of the mines probably have ore of too low grade to be continuously 
worked with profit under the current prices for copper, and others 
are dependent for present operation on the simultaneous production 
of sulphuric acid from the ores. Under favorable metal prices the 
production of the region is likely to increase rapidly and then after 
a number of years to decline sharply. 

OTHEB DI8TBI0T8. 

The only other copper-producing district of any importance in Cal- 
ifornia is in Calaveras County, where sulphide ore of good grade is 
found in schist. The production has varied greatly from jrear to year. 
In 1907 it was somewhat over 4,000,000 pounds. Details as to the 
probable future of this region are not available, but the outlook is 
generally considered good. 

There is a lon^ stretch of country in the western foothills of the 
Sierra Nevada where copper is known to occur mostlv as lenticular 
sulphide bodies in schist or slate. Small production has been made 
from time to time. At most points developments are meager and the 
future is unknown, but there is reason to believe that with proper ap- 
plication of capital, improved transportation, and good copper prices, 
tiiis district might make a considerable output At the Dairy Farm 
mine, in Placer Coimty, on this belt, a lar^ body of sulphide ore has 
been blocked out and extraction will probably begin in the near fu- 
ture. The ore is not of hi^h grade and its extension much beyond the 
ground thus far developed is not certain. 

Small production comes from Inyo and San Bernardino coimties, 
in the southern part of the State, but developments as yet do not war- 
rant relying on that region for an important copper supply. 

CONCLUSIONS. 

The visible reserves of copper ore in the United States are mudi 
larger than those of lead ore. Moreover, they are very much larger 
now, at the maximum of production, than they have ever been before. 
And yet, upon perusing tne preceding notes it is evident that few com- 
panies have reserves lor as much as ten years and that only in one 
case are they believed to be sufficient for forty-five years. On its face 
this condition seems discourapng, at least when we compare it with 
the enormous reserves establi^ed in the investigation of the coal-min- 
ing industry. As has been explained in the general part of this dis- 
cussion, copper deposits differ so completely m their occurrence from 
coal beds that known reserves like those or coal can not be expected. 
Each year will, however, surely find extensions of reserves added to 
those already discovered and large new deposits of low-grade copper 
ores will also undoubtedly be opened. These possibilities are well 
illustrated by the discovery within the last two years of a 7^000,000- 
ton ore body near the old camp of Globe, Ariz., which one might rea- 
sonably suppose to be well prospected. 

All these data of available reserves are based on copper at about 
18 cents per pound. A large part of them would prove unprofitable 
to extract should the value of the metal sink much below that figure. 
Should copper increase to 15 or 20 cents per pound the reserves of 
many mines would unquestionably be vastly increased. Should it 

72531>— S. Doc. 676, 60-2, vol 8 35 ^ , 
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go above 20 cents per pound, still more extensive reserves would be 
available in the cupriferous sandstcmes of the Southwest. These con- 
clusions, acain, are based on present methods of working and recov- 
ery. Shoiud further great improvements be made in these processes 
the limits indicated by the prices might be materially altered. 

The copper resources of the United States are believed to be large 
enough to respond for a number of years to a demand increasing at 
the rate of 30,000,000 pounds per annum. It is to be anticipated that 
should this demand continue for a long i)eriod the scarcity of ore 
would ultimately be felt and result in a rising price for the metal. 
This again would undoubtedly cause the substitution of other metals, 
like aluminum, for copper whenever possible. 

All these considerations have left the foreign supply out of the 
question. If recent reports are correct, central Africa contains 
enough copper to supply the world for years to come. 

The whole problem of the ores supply contains so many unknown 
quantities that a final and definite answer is impossible. In the last 
analysis, however, it comes down to the question whether it is better 
for a country to reserve its copper for the future, when its value is an 
unknown quantity, or extract the ore at as rapid a rate as pc^ible 
when profit is assured. It is believed that the latter method is the 
best, if at the same time avoidable waste is prevented. 

CONSUMPTION. 

Only a part of the copper produced is consumed in the United 
States J exports have been maintained on an increasing scale for the 
last thirty years. At the present time some, but not much, copper ore 
is imported to our smelters. On the other hand, there is a large 
output of foreign raw copper which is refined in the United Stat^. 
In 1907 the total foreign copper refined in this country amounted to 
248,000,000 pounds, or one-third of the domestic production of refined 
new coppjer, which for the same year was 784,000,000 bounds. 

There is no duty on copper or copper ores to interfere with the 
natural operations of supply and demand. The copper industry has 
developea in a natural ana free manner and no single concern has yet 
obtained control of the market. 

The domestic consumption has increased from about 350,000,000 
pounds in 1900 to 685,000,000 pounds in 1906. In 1907 it had de- 
creased to 485,000,000 pounds. To this should be added the consump- 
tion of copper recovered from scrap, which was about 60,000,000 
pounds in 1907, making a total consumption of about 545,000,000 
pounds. 

The uses are princip^ly for wire or other electrical purposes, brass, 
castings, and sheet copper. There is no such great amount perma- 
nently lost as in lead and zinc, and a large quantity of scrap will be 
available with increased production and consumption. 

WASTE. 

It is not believed that the waste in the mining of copper ore is ex- 
cessive. Ores too poor to extract at prevailing prices are, of course, 
left in the mine. But with present methods or extraction, whether 
timbering, filling, caving, or steam-shovel methods, there is little 
profitable ore left in the mines. 
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Much larger are the losses in concentration. The principal valu- 
able mineral in the concentrating ores is chalcocite, which is easily 
slimed; the loss may be 30 per cent of the metal contained, and it 
is not always easy to avoid it. Storage of tailings should be en- 
forced, even though in many cases the grade of the ore is so low 
that there is little present probability of utilization. The waste in 
copper smelting is not lar^e and the slags are easily available for 
resmelting; at many reduction works old slags are used as a fluxing 
material. 

LEAD.o 
PKODUCJTION OF THE UNriED STATES. 

The diagram shows by graphic method the annual production of 
lead in the United States for the last twenty-eight years. From 
129,000 short tons, in 1885, the production increased at a moderate 
rate to 1895, when it was 170,000 tons, an average increase of about 
3,700 tons per annum for eleven years. The second epoch, from 1895 
to 1907, presents radically different conditions. The output rose rap- 
idly and steadily, except for small setbacks in 1899 and 1905, at an 
average increase of almost 15,000 tons per annum, or about four times 
as rapidly as in the previous eleven vears. In 1895 the total was 
170,000 tons; in 1907, 365,000 tons. The increase since 1895 has been 
at an almost even rate, by average, as clearly indicated on the dia- 
gram. Should this rate of increase be maintained, the production of 
1910 would be 410,000 tons, and that of 1920, 560,000 to 580,000 tons. 

PRODUCTION OP THE WORLD. 

In 1907 the world's production of lead was about 965,000 metric 
tons, while that of the United States amounted to 317,500 metric tons, 
or about one-third of the whole. 

The world's production of lead has not advanced at so rapid a rate 
as that of the United States. From a total of about 721,000 metric 
tons in 1897 the production has increased to about 965,000 tons in 
1907. If we consider all countries except the United States, the fig- 
ures for the same period of eleven years would be 541,000 tons and 
648,000 tons, an average annual increase of 9,700 metric tons. Upon 
closer examination it is found that the total production of all coun- 
tries except the United States increased rapidly — in fact, at the re- 
markable rate of 23,000 tons per annum from 1897 to 1903. On the 
other hand, a steady decrease has taken place since that time, from 
702,000 metric tons in 1903 to 647,000 metric tons in 1907, equivalent 
to a rate of 11^000 tons per annum. And this has happened in the 
face of advancmg lead prices. 

Considering the foreign supply in more detail, the greatest output 
comes from Spain (186,000 tons in 1907). The quantity has remained 
approximately constant from 1897 up to the present time. Spain's 
resources of lead are known to be great, but it may be serioush 
doubted whether the present production can be materially increased. 
Germany contributed about 143,000 tons. Up to three or four years 
ago a steady increase had been shown in Germany, but in the last 

« Prepared with the assistance of Mr. O. E. Slebentbal, of the U. S. Geological 
Surv^. 
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few years, in spite of rising quotations, the production has receded. 
Australia yielded 97,000 metric tons^ mainly from Broken HiU, but 
its output has been decreasing rapidly during the last few years 
from the maximum of 141^000 metric tons reached in 1903. Prac- 
tically the same may be said of Mexico. From Mexican ores about 
72,000 metric tons of lead were obtained in 1907. The rich ore de- 
posits of Sierra Mojada and other places are being exhausted. 

The facts given above are significant. They show that the lead 
deposits of the world are being heavily drawn upon and that, barring 
new discoveries of great importance, which are somewhat unlikely, a 
further reduction in the world's output is likely. This reduction will 
probably be accompanied by a rise in the price of the metal. An 
advance of a few cents per pound will no doubt create new and large 
ore reserves in many countxies. 

RESOURCES OF THE UNITED STATES. 

Of the 365,000 tons of lead produced in the United States in 1907, 
Idaho and Missouri yielded 236,000 tons, or nearly two-thirds. The 
output of 1907 was divided approximately as follows : 

Short tons. 

Southwestern Missouri 24, 600 

Southeastern Missouri 98, 400 

Idaho 113,000 

Utah 62,000 

Colorado 61, 000 

Other States 16. 000 

Total \l 365, 000 

In the following pages the production and possibilities of each 
State are taken up in sequence. 

MISSOUBI. 

In southwestern Missouri lead is now mainly obtained as a by- 
product from crude zinc ores which average about one-half of 1 per 
cent in lead. The heavy lead ores occurred near the surface and are 
now almost exhausted. The present production of lead is mostly de- 
rived from the extensive flat ore bodies in the lower Carboniferous, 
known as the sheet ground. The portion of the sheet ground which 
has been mined up to date, say, in the last ten or twelve years, while 
comprising probaoly the richest part, constitutes not over the one- 
hundredth part of tlie probable sheet-ground territory. Much of this 
territory is, however, not workable at present ore prices. Large and 
economical plants will be one of the necessities of the future. De- 
creased cost of production and higher ore prices may lead to the 
opening of still deeper disseminated deposits which the drill has 
snown to exist at Joplin, Webb City, and Granby, and which have 
also been opened 10 miles south of Joplin. It is believed that the de- 
posits of southwestern Missouri will be sufficient to keep up the 
present production for fifty years at least. 

Although the district of Joplin has been examined in detail bv the 
Geological Survey, it is impossible to measure the extent and richness 
of the probable ore with any degree of certainty. Any estimate in 
figures IS little better than a guess. As lead is here a by-product of 
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zinc-ore mining, what is said of the zinc-ore supplies holds good also 
for lead ore. 

The production of southwestern Missouri remained fairly constant 
at 27,000 to 35,000 tons of lead concentrates per annum from 1894 to 
1905. In 1906 and 1907 a rapid advance took place, and in 1907 about 
42,000 tons of concentrates were obtained. 

In southeastern Missouri a pure lead ore is mined, containing an 
average of about 5 per cent of metallic lead. The important ore 
bodies occur disseminated at the base of a Paleozoic limestone at 
depths of 300 to 800 feet in fairly well defined runs or ore bodies, 
some of which are over 5,000 feet in length. The production 
has been maintained for many years. In 1892 about 42,000 tons of 
concentrates and shipping ore were obtained. In 1901 this had in- 
creased to 110,000 tons. During the last few years the output has 
increased rapidly, and in 1907, 157,000 tons of concentrates were pro- 
duced. This rapid advance is chiefly due to the enlarged plants of 
the St Joseph Lead Company and affiliated interests, capable of 
handling 3,900 tons of ore per day, and to the 2,400-ton concentrating 
mill recently erected by the Federal Lead Company, which is allied 
to the American Smelting and Refining Company. No data are 
available giving the results of the extensive prospecting operations 
by diamond drills undertaken by these companies, nor has the 
region been covered by the investigations of the United States Geo- 
logical Survey. Statements obtained from well-informed engineers 
indicate that the ore-bearing area covers from 30 to 40 square miles. 
While this ore-bearing area is large, it is by no means inexhaustible. 
It is believed that the maximum of production will be reached in a 
few years. The supply will, however, undoubtedly last for a great 
number of years, and it is undoubtedly true that there is a great 
extent of improspected territory with possibilities of ore deposits 
at a considerable depth, especially on the south and southwest sides 
of the St. Francis Mountains. 

n>AHO. 

In Idaho the Coeur d'Alene district is the principal source of pro- 
duction. Discovered about 1885, this district has rapidly and con- 
tinuously increased its production until it now exceeds 100,000 tons 
of metallic lead per annum. The deposits are strong fissure veins in 
quartzite. The principal properties are controlled by the Bunker 
Hill and Sullivan Mining and Concentrating Company and the Fed- 
eral Mining and Smelting Company, the Tatter affiliated with the 
American Smelting and Kefining Company. The district has been 
studied by Mr. F. L. Ransome, of the Geological Survey,® who ex- 
presses his belief that the district gives promise of long-continued 
activity. Mr. Ransome also states that the ore shoots extend to great 
depth with remarkably little change in the character of the ore. The 
Bunker Hill and Sullivan mine, which has distributed over $9,000,000 
in dividends, may reasonably be expected to continue its present rate 
of production for a score or more of years. Similar conclusions 
apply to several other mines. New discoveries will probably be made, 
as, indeed, in the last few years two important mines have been 

•Prof. Paper No. 62, U. S. Geological Survey. 
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added to the producers. The total production of lead and silver will 
probably continue to increase for several years. The Bunker Hill 
and Sullivan, the ffreatest single producer, yielded in 1907 about 
35,000 short tons of lead. On its lowest level the ore shoot is said 
to be as rich as in any of the upper workings, and there seems to be 
no reason why mining operations could not be extended for several 
thousand feet below this level. The underground workings have now, 
according to a recent circular to stockholders, undercut and partially 
developed 3,000,000 tons of ore, eicpected to contain 11 per cent of 
lead and 4.82 ounces of silver per ton, a total of about 330,000 tons 
of lead. A few of the deeper mines are now, according to Mr. Ran-* 
some, extracting ore much leaner than this and may cease to be 
profitable in a few years. There is also the probability that in 
general more zinc and less lead will be found as the mines attain 
greater depth. But on the whole the prospects decidedly encourage 
the belief that the Coeur d'Alene district will be able to maintain or 
somewhat increase its present production for some twenty-five years 
at least. 

UTAH. 

Utah has long been an important producer of lead, chiefly from 
three districts, the Park City, Bingham, and Tintic The Frisco 
district has lost its one-time prestige in respect to this metal. The 
total output of Utah now (1907) stands at 64,000 tons, and for a 
number of years has remained fairly constant. The Park City dis- 
trict is the most productive, yielding about 23,000 tons per annum. 
The lead ore is contained in strong fissure veins and replacement 
bodies which promise a long-continued output. The bulk of the 
remainder, or about 40,000 tons, has until recently been derived from 
the Bingham and Tintic districts, but in late years the American 
Fork and Stockton districts have greatly increased their production. 
Utah is rich in lead ores, and its output bids fair to be continued 
on the present scale for many years to come. On the other hand, 
there is little probability of a greatly increased output. Nobody is in 
position to furnish even approximate figures as to the reserves, and 
few of the lead mines have, in fact, reserves for more than two or 
three years ahead. 

COLORADO. 

Since 1879 Colorado has always been one of the mos^ important 
lead-producing States. The production reached a maximum when 
the great ore oodies of Leadville were discovered about twenty -five 
years ago. It has fluctuated considerably, ranging from 40,000 tons 
to 80,000 tons of metallic lead between the years 1881 and 1908. Dur- 
ing the last few years it has slowly declined and in 1907 was estimated 
to be 51,000 tons. Leadville has always been the most prominent 
district and its production was greatest when the enormous bodies 
of carbonate ore were worked, from 1880 to 1890. During recent 
years the output of Leadville has remained fairly constant at about 
23,000 tons, or one-half of the total production of Colorado. The 
rich oxidized ores are almost exhausted. The deeper ore bodies are of 
great size but are poor in lead. It is largely owing to the utilization 
of zinc ores that Leadville has been able to maintain its production: 
the tonnage of zinc-lead ores, poor in lead, is now about one-third oi 
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the tonnage of the lead ores and the siliceous ores. Undoubtedly a 
large output of lead can be maintained for many years, but it will 

Srooably slowlv decrease. The rest of the Colorado lead is mainly 
erived from Aspen and Creede. The former district is slowly de- 
creasing in importance. Regarding the latter, the information at 
hand is not extensive, but it is believed that the district is in position 
to maintain its output for a number of years. 

From the preceding it appears that there is little chance of increase 
in the lead production of Colorado. More probably it will ffradually 
decrease. The State is rather throughly prospected, and the chance 
of new discoveries is correspondingly small. 

OTHER STATES. 

None of the other States yield enough to become a seriously con- 
sidered factor. The total output from them was 16,000 tons in 
1907. Probably many districts will increase in importance; others 
will fall out. For a number of years to come we may count with 
some confidence on this amoimt as their aggregate total. The 
Eureka mines in Nevada, once prominent, are now being reopened, 
but thus far no ore bodies similar in importance to the old bonanzas 
have been reported. The railroads now being built in the State will 
open a considerable territory, which will yield a fairly large amount 
or lead from newly developed smaller districts or from rehabilitated 
old districts like Pioche. Discoveries of new lead-producing dis- 
tricts like Leadville or Park City or the Cceur d'Alene are of course 
always possible, but they do not seem very likely. 

Summing up these data, it is believed that the lead production of 
the United States can be maintained at the present figures for a num- 
ber of years — possibly twenty years — ^but that after some such time it 
would be more likely to decrease. Barrinc new discoveries of great 
value, a continued increase of production^ like that which has taken 
place in the United States since 1895, is very improbable. With 
increasing demands for consumption the price of lead would grad- 
ually rise, and in such case of course each cent permanently adoed to 
the price of the metal would make available large additional ore re- 
serves, but even at an increased price there is little probability of an 
indefinite increase on the scale of the last few years. 

CONSUMPTION. 

For the last ten years the United States has consumed all of the 
domestic lead produced, and in addition a variable but small amount 
has been imported. The consumption has practically kept step with 
the production. 

A feature of much interest is that over one-third of the lead is used 
in the manufacture of white lead and consumed as paint This fea- 
ture is shown in the accompanying diagram. In 1907, 135,000 tons 
of metallic lead were so used. White lead is used more than any 
other substance for paint, although the manufacture of zinc white and 
zinc-lead white has taken great steps forward during the last few 
years. Of course the lead so used is absolutely lost, and it does seem 
as if for these purposes some other material might be substituted for 
so valuable a m^al, especially when, as shown above, the ore reserves 
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are relatively low. Probably no other nation uses lead paint to the 
same extent as the United States; partly because here wood construc- 
tion prevails; partly because our greater prosperity allows the use of 
more expensive paint. With general substitution of brick, stone, or 
cement (of which our resources are inexhaustible) for wood {oi 
which our supply is rapidlv diminishing), the demand for lead white 
would greatly decrease. Anything that could be done to encourage 
this change would be desirable. 

BORAP LEAD. 

With increasing production and price a greater quantity of scrap 
will each year be remelted for consumption. In 1907, according to 
incomplete returns made to the United States (Jeological Survey, 
25,000 tons of lead were thus returned to consumption; the latter 
is thus in reality at least 25,000 tons greater than the figures of 
production would indicate. 

WASTE. 

There is little waste in the mining of lead ores. Neither is there 
much waste in the smelting of the ores; besides, the slags are of 
course always available for retreatment, if necessary. The loss in 
smelting and refining is usually estimated as 5 per cent, although this 
figure is probably somewhat too high. 

The greatest waste takes place in the concentration of lead ores. 
It is not nearly so great as in case of copper and zinc, but doubtless 
often amounts to 15 per cent. The best way to mitigate this feature 
would be to compel all owners of concentrating works to store their 
tailings. 

The improvements in both concentration and smelting have been 
very ^eat in the last fifteen years, and this fact has, of course, enabled 
the miners to handle lower grades of ore. A lead ore containing 4J 
per cent of metallic lead is now worked in southeastern Missouri, and 
ore containing 5^ to 6^ per cent (with 2 to 3 ounces of silver) in the 
Coeur d'Alene district. Further reduction in the costs are probable, 
but not likely to be great as long as the present high scale of wages 
in the West continues. 

TARIFF ON LEAD AND LEAD ORES. 

The lead-mining industry has been to a high degree artificially 
stimulated by the duty on refined lead and lead ores. Under this pro- 
tection our own resources have been strained to the utmost. We have 
put a premium on the output of lead and the result is shown in the 
price of the metal, which is higher in New York than in foreign mar- 
kets. The control of the market in the United States has not un- 
naturally fallen into the hands of a trust. Both the smelting and 
the mining interests have been greatly favored, while the consumer 
has been paying the bills. Were the duty on lead and lead ore re- 
moved the western and central lead-mining districts would no doubt 
be forced to reduce wages and pay the strictest attenion to reduction 
of cost. The natural resources would, however, probably be less 
heavily drawn upon. 
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ZINC* 
PRODUCTION OF THE UNITED STATES. 

The zinc-smelting industry in the United States is of compara- 
tively recent origin. From a small beginning of 23,000 tons of spelter 
in 1880, the production of spelter increased at a moderately rapid 
rate up to 1896, as shown by the diagram. This total increase in 
seventeen years was only about 60,000 tons, or at a rate of 3,500 tons 
per annum. From 1896 a much more rapid rate began. The average 
increase from 1896 to 1907 was at the rate of 14,000 tons per annum, 
or from 81,000 tons in 1896 to 223,000 tons in 1907. The rate of in- 
crease has been fairly uniform within this period, but was distinctly 
greater from 1903 to 1907 than from 1896 to 1903, the average annual 
increase during the former period amounting to 18,000 tons. 

All these figures, it should be remembered, refer to spelter; a large 
part of the zinc ore is, however, used for pigments, chiefly zinc oxide, 
partly also zinc-lead white. The upper curve in the diagram shows 
the zmc in pigments added to the production of spelter. The amount 
of zinc used annually for paints has doubled since 1896 and is now 
about 60,000 tons. Taking this into consideration it is seen that the 
total production of zinc m the United States was 284,000 tons in 
1907, and that the annual increase since 1904 has been 32,000 tons in 
1905, 27,000 tons in 1906, and 21,000 tons in 1907. Assuming that a 
straight line from 1896 to 1907 represents the average tendency, 
the production in 1910 would be about 325,000 tons; in 1915, 395,000; 
and in 1920, 475,000 tons. Should the substitution of zinc oxide for 
white lead proceed on a still larger scale in the future than in the 

East, which seems possible, the figures at the years mentioned would 
B very materially increased. 

PRODUCTION OF THE WORLD. 

The world's production of zinc has increased since 1896 at a very 
rapid rate, but not quite at the pace set by the United States. The 
total production increased from 422,000 metric tons in 1896 to 737,000 
metric tons in 1907. The production from all sources, excepting the 
United States, amoimted to 352,000 metric tons in 1896 and 510,000 
metric tons in 1907^ an average annual increase of 14,300 tons. 

The celebrated zmc mines m Belgium are still producing heavily, 
as are the mines of Silesia and at other points in Germany. New and 
very extensive supplies of ore are bemg received in Europe from 
Mexico and Australia, and deposits of great magnitude are reported 
to exist in Africa. The successful solution of the problem of ore 
concentration at Broken Hill, New South Wales, will enormously 
increase the shipments of Australian ores to European smelters, and 
it is considered possible that the mines of Germany and Belgium may 
have to reduce their output to avoid overproduction of zinc. 

The United States now ranks first in production, having surpassed 
Germany in 1907. 

« Prepared with the assistance of Mr. C. E. Siebenthal, of the U. S. Geological 
Surv^. 
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BESOUBCES OF THE UNITED STATES. 

The production of zinc (spelter and zinc in oxide) in 1907 is di- 
vided approximately as follows among the States: 

Short tons. 

Missouri 142, 000 

Wisconsin 20,600 

Kansas 14,000 

New Jersey 62,5(X} 

Colorado 80. 400 

Other StateB 14, 500 

Total 284, 000 

MISSOX7BL 

It will be seen that Missouri occupies the most commanding posi- 
tion, producing exactly one-half of the total domestic output. Prac- 
tically all of this is derived from the southwestern or Joplin district. 
The ores now of most importance are contained in flat deposits in the 
so-called "sheet ground, which, at a depth of 150 to 250 feet, under- 
lie a large area in this region. The known sheet ground is con- 
stantly increased; the extent of the actual known ore reserves is an 
unknown quantity; the extent of the area of possible ore is very 
large. It can be said with fair confidence that aeposits of zinc ores 
underlie 50 square miles of territory, with strong probability that 
further exploration will add another 50 square nules. The portion 
of the sheet ground which has been worked during the last ten or 
twelve years, since such mining was first attempted, is between 1 
and 2 square miles. Much of the remaining territory is certainly 
poor and contains considerably less than 3 per cent of zinc sulphide 
(including some lead), and whether it can be profitably worked is 
largely dependent upon royalty to the landowner as well as price 
of zinc. There is also some probability of opening lower deposits 
of zinc-bearing ground which have been shown to exist at Joplin, 
Webb City, and Granby and which now are being worked at Aurora 
at a depth of 325 feet. Superficial deposits will doubtless continue to 
be discovered and worked, though probably in lessening number and 
extent in the future. As the result of special study of the Joplin dis- 
trict by the United States Geological Survey, it is thought that the 
probable ore reserves will be sufficient to keep up the present produc- 
tion for fiftv vears at least 

KANSAS AND OKLAHOMA. 

The zinc-bearing cherts and limestones extend from Joplin into the 
adjoining States of Kansas and Oklahoma. In Kansas the future 
can not be predicted, as the deposits so far developed have not been of 
sheet formation, but there are possibilities of finding extensive de- 
posits in virgin territory and at greater depth in known localities. In 
Oklahoma the production is now small, but there are in the Quapaw 
district at least 12 square miles o'f ore-bearing blanket breccia. Very 
promising deposits have been opened at Miami, and the blanket 
breccia probably extends in this direction, making it reasonably cer- 
tain that the mineralized area is as much as 20 square miles in extent, 
most of which will be available mining territory when ore yielding 
2 per cent of concentrates can be profitably worked. 
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WISOONBIir. 



According to Mr. H. Foster Bain, the extent of the zinc deposits 
in Wisconsin is fairly well known. The ore does not, as in Mis- 
souri, form extensive flat sheets, but shorter " pitches " and " flats." 
The zinc ore is usually found below the already mined lead deposits, 
and drilling operations during the last few years have given encour- 
a^g results. The production has increased rapidly and with higher 
zinc prices will probably increase still further. No estimate of 
actual or probable ore reserves can be given, but there is little doubt 
that the present production, with zinc at 5 or 6 cents per pound, can 
be continued for many years. 



NEW JERSEY. 



The large and in many respects remarkable deposit at Franklin 
Furnace is the only occurrence of importance in New Jersey. No 
recent estimate of the quantity of ore is available, but, according to 
a report by Nason,<» the ore body in 1894 contained about 8,000,000 
tons. According to the reports of the New Jersey Geological Survey, 
approximately 2,500,000 tons have been mined since 1904. The 
figures for the total ore reserves may be rather far off the mark, but 
thev serve to show that the ore body is known to have definite limits 
ana that its exhaustion is probably a matter of fifteen to twenty-five 
years at the present rate of ore production. 



OOLORADa 



About 1901 Colorado begrm to ship zinc ores to the smelters and 
shortly afterward a zinc smelter was built at Pueblo. The produc- 
tion rose rapidly, and, according to the mine reports of the United 
States Geological Survey, in 1906 attained 43,000 tons, calculated as 
probably recovered spelter and zinc in paint. In 1907, when the con- 
ditions, at least during the latter part of the year, were less favorable, 
the production was 30,400 tons. The larger part of this came from 
Leaaville, in which camp the lower levels had disclosed large quan- 
tities of ore consisting of pyrite, zinc blende, and a little galena. 
Recent improvement in concentrating processes Jiad made possible 
the recovery of this zinc and its separation from the pyrite. Large 

?uantities of zinc also came from the Tenmile, Red Cliff, Aspen. 
!reede, Breckenridge, and Clear Creek districts. The margin oi 
profit was in many cases small, no payment was as a rule obtained 
tor the silver and lead contained in the ores, and the losses in concen- 
tration were great. When the lower prices of 1907 were established 
the majority of the mines ceased shipments. 

No figures of ore reserves even approximately correct are available 
to the Geological Survey, nor can tney be obtained, but there is no 
question whatever that the resources of Colorado in zinc ores are 
very large, and that with favorable prices an output much larger 
than that of 1906 could easily be yielded by the State for a long 
period of years. The ores occur under entirely differing conditions 
from those of the Central States. The deposits are fissure veins or 
irregular replacement ores in limestone, and are nearly always mixed, 

•Trans. Am. Inst Min. Eng., 1894. 
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i. e., contain silver, copper, lead, and more rarely gold. Many mines 
once worked for lead nave been impoverished by the prevalence of 
zinc in lower levels. 

OTHEB STATES. 

Conditions similar to those in Colorado prevail in many of the 
Western States, notably in Utah and Idaho, both of which shipped 
a considerable amount of zinc ores in 1906 and 1907. From JParic 
City and Frisco in Utah and from the Cceur d'Alene district in 
Idaho important shipments were made. New Mexico, though not 
figuring conspicuously in the production of 1907, has some very large 
zmc deposits at Magdalena and smaller deposits at many places. 
Its yield of zinc in 1906 was about 8,000 tons, and with lavorable 
conditions this amount could probably be doubled and be continued 
for a considerable period of years. 

Zinc ores in considerable quantities could be furnished by Arizona 
and Nevada. Prospecting for these ores has not been especially 
active in the West. In fact, deposits containing zinc have until 
within a few years rather been shunned on account of the difficulty 
of treating such ores in copper and lead furnaces and the difficulty 
of marketmg them as zinc ores with profit. New discoveries may 
therefore be anticipated. 

In conclusion, the supply of zinc at prices of 4 to 5 cents is not very 
large, and will come chiefly from Missouri and New Jersey. At 
prices above 5 cents the supply will probably be ample for such length 
of time as we can reasonably foresee. It is thought that our resources 
of zinc, especially in the West, have just begun to be developed. 

CONSUMPTION. 

Since 1876 the domestic production has been sufficient to supply 
the demand, and the importations have been small. A small amount 
of high-grade spelter and ore has been exported, mostly from New 
Jersey. There is, it is true, an import duty on spelter practically 
prohibiting foreign importations, but on the other hand^ during 
the last three years 25,000 tons of spelter have been obtamed per 
annum from Mexican ores, which is equivalent to about one-eighth 
or one-ninth of our domestic production. There has been a long con- 
troversy about the construction of the law in respect to zinc ores. 
The case is still in the courts and, pending final decision, duties are 
still collected, to be refunded later should zinc ores be adjudged duty 
free. 

As already noted, about 60,000 tons of the metal are used per annum 
for the manufacture of white paint. This amounts to one-sixth of the 
whole output, and is of course permanently lost. Next in importance 
comes the metal used for galvanizing, and this consumed, in 1905, 
100,000 tons; in 1906, 124,000 tons; and in 1907^ 149,000 tons, an in- 
crease of 49 per cent in two years. In 1907 this amounted to more 
than half of the total production of zinc. The remainder of the 
spelter output is about equally distributed between brass and sheet 
zinc. All these products seem indispensable for the growth and de- 
velopment of the industries, and it is believed that the consumption 
of zinc will continue to increase at the recent rate for several years 
to come. 
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The zinc industry has been less protected than lead mining and 
smelting. There is no trust controlling the output or the principal 
part of the output, and it appears to be in a healthy condition. Free 
importations of zinc ore will act as a healthful checK on the too rapid 
consumption of our resources, and it would probably be well to allow 
them in the future. 

Much zinc can be recovered from the galvanized products, and this 
recovered metal, which in 1907 amounted to 13,000 tons or more, will 
of course increase as the output grows larger. 

WASTE. 

In no metal industry is the waste more startling than it is in the 
production of zinc. In mining, Missouri must be considered first. 
Owing to the occurrence of the ore in flat sheets, it is necessary to 
leave pillars to support the roof, filling or timbering being too expen- 
sive. About 14 per cent of the ore therefore remains in the mine, 
although, of course, care is usually taken to select the poorer ground 
for piflars as far as possible. In the West, owing to the expensive 
treatment and shipment of the ore, much low-grade ore is left in the 
mine, but this is not necessarily a complete loss unless the mine is 
entirely wrecked. 

In concentrating, the losses are enormous. Somewhat better condi- 
tions now prevail, but in many cases at least not more than 60 per 
cent of the assay value is saved in the concentrating works. From 
30 to 35 per cent is perhaps an average loss. Southwestern Missouri 
has been the chief offender in this respect. While the mining and 
milling costs there have been extremely low, this has been accom- 
plished at a heavy loss of metal. The miner has not been entirely 
to blame, for the heavy royalties exacted by the landowners have 
forced him to adopt these wasteful methods. Lower royalties, better 
concentration worts, and obligatory storage of tailings will help these 
conditions. 

In the smelting of zinc ores the loss is heavier than in any other 
metal ; the average is probably nearly 20 per cent of the assay value, 
and the loss is heavier in western complex ores, containing much 
iron, than in Missouri Valley ores. It is claimed that the smelter 

Eractice has been behind that of Europe. These conditions are 
eing remedied, but still further metallurgical improvements are most 
urgently desirable and will be soon attained. The western ores 
usually contain silver and lead; sometimes also copper. Under 
present conditions these metals are often wasted, and only under ex- 
ceptional conditions does the miner obtain payment for them. There 
is vast room for improvements in the zinc industry, and attention to 
the matter will materially increase the life of our zinc deposits. 

The total loss from ore in the ground to spelter is rarely less than 
40 per cent. 
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THE PHOSPHATE DEPOSITS OF THE UNITED STATES. 



By F. B. Van Horn, 
United States Geological Survey. 



INTBODXrCTION. 

The occurrence of rock phosphates in the United States has a very 
important bearing upon the agricultural industry, since many plants 
can not exist without the presence of phosphoric acid in the soil. Grow- 
ing crops deplete the soil of its phosphoric acid, and if no steps are 
taken to restore this substance the soil must eventually become non- 
producing. 

Florida, South Carolina, and Tennessee have for several years been 
the main sources of phosphate in the United States. North Carolina, 
Alabama, and Pennsylvania have produced phosphate rock, but never 
on a large scale, and there is at present no production from these 
States. In 1900 Arkansas entered the field as a producer, and in 1906 
a new field was discovered in Wyoming, Idaho, and Utah. 

DEVELOPMENT OF THE INDUSTBY. 

Phosphate mining began in the United States in 1867 in South 
Carolina. The existence of the rock had been known since 1837, but 
the possibilities of its commercial use were not recognized until 1859. 
According to Otto A. Moses :*» 

In 1859 Professor Shepard and Col. L. M. Hatch suggested tlie utilization of 
phosphatic marls in the manufacture of commercial fertilizers and started a 
factory at or near Charleston, which was, however, soon abandoned. Remains 
of their compost heap were utilized by neighboring farmers with good effect 
long after the war. 

At the close of the war Dr. N. A. Pratt, formerly connected with the niter 
bureau of the Confederacy, visited Charleston with the object of starting sul- 
phuric acid chambers. About this time Dr. St Julien Ravenel, of Charleston, 
who had mined marl extensively at Stoneys Landing, on Cooper River, for the 
manufacture of cements, noticed the nodules, analyzed some of them, and found 
them to contain much phosphate of lime. He became engaged soon after in 
the manufacture of commercial fertilizers from foreign phosphate rocks. Then 
followed the discovery (in August, 1867) which has been of such vital impor- 
tance to agriculture and the prosperity of South Carolina. Pratt and Holmee 
(Charleston Mining Company), Kavenel and Dultes (Wando Company), then 
located territory. The value of the deposits became known; other available 
beds were discovered, and many persons and considerable capital were soon 
employed in developing the new industry by mining the crude rock and export- 
ing or manufacturing it on the spot into superphosphates. Later on the beds 
of many navigable streams were found to be largely paved with the valuable 
substance. 

« Mineral Resources U. S. for 1882, U. S. Geol. Survey, 1883, p. 512. 
55S 
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Until 1888 South Carolina enjoyed a monopoly of the phosphate 
industry of the United States. In that year Florida came forward 
as a phosphate State, with a production of 3,000 long tons. In 1904 
the production surpassed that of South Carolina, and Florida has 
maintained its lead up to the present time. 

In 1892 phosphate was discovered in Tennessee, and two years later 
the production from that State was 19,188 long tons. In 1899 Ten- 
nessee went ahead of South Carolina, the production from the latter 
State having decreased steadily since 1894, 

PBODUCTION. 

The production of phosphate from South Carolina from the be^n- 
ning of the industry in 1867 to the year 1888, during which period 
that State was the only producer, was 4,442,945 long tons, valued at 
$23,697,019. The following table shows the total production from 
the United States from 1867 to 1907: 



Year. 



1867-1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 



Quantity. 



Value. 



Year. 



1899 

1900 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

Total 



Quantity. 



29,206,141 



Value. 



15,064,076 
5,064,248 
5,316,403 
4,603,444 
5,319,294 
6,580,875 
6,763,403 
8, 579, 437 

10,653,658 



117,316,002 



Of this amount South Carolina has furnished 11,912,959 tons; 
Florida, 12,395,731 tons; Tennessee, 4,859,991 tons; and other States, 
40,460 tons. In twenty years Florida has produced more phosphate 
than has South Carolina in thirty-one years. 



GEOLOGIC OCCXJBBENCE. 



The phosphate deposits range in age from the Ordovician in Ten- 
nessee to the Tertiary in Florida, occurring also in the Devonian in 
Tennessee and Arkansas, and in the Carboniferous in the Wyoming- 
Idaho-Utah field. • 



ELOBIDA DEPOSITS. 



DISTRIBUTION. 



Phosphates occur in a general way along the west coast of Florida, 
principally in Polk, De Soto, Hillsboro, Pasco, Hernando, Sumter, 
Citrus, Marion, and Levy counties, although the rock has been found 
also in Alachua, Suwanee, Lafayette, Taylor, Jefferson, Wakulla, and 
Liberty counties. There are three classes of deposits in Florida — hard 
rock, land pebble, and river pebble. These deposits vary in percent- 
age of tricalcium phosphate from 78 per cent to 80 per cent in the 
hard rock, through 68 per cent to 70 per cent in the land pebble, to 
about 65 per cent in the river pebble. 
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Hard rock. — ^The hard-rock phosphate belongs to the Eocene and 
the Miocene periods. In the former it consists entirely of a bowlder 
deposit in a soft matrix of phosphatic sands, clays, and other ma- 
terials, while in the latter it is also found at many places as a bedded 
deposit in situ. The bowlders vary in size from 2 or 3 inches to 8 or 
10 feet, and lie embedded in all positions, surrounded by sand and clay 
containing more or less phosphate of lime in finer particles, resulting 
from a general distribution of the disintegrated portions of the 
bowlders during deposition. The deposits themselves vary from 
small pockets to those several acres in extent. The phosphate content 
of this class of deposits is from 10 per cent to 30 per cent of the mass. 

Land pehhle. — ^The pebbles making up this deposit range from 
minute size to that of a walnut. They are originally white in color, 
but become dark colored when subjected to water action. They are 
embedded in sand and are underlain bv a stratum of tough, stiff, 
clayey material known as " bed rock." Above the deposit is an over- 
burden from 1 to 25 feet thick consisting of sand and limestone 
bowlders. The proportion of phosphate to other rock of this class 
of deposits varies from 1 to 10 to 1 to 4, or from 10 per cent to 26 
per cent. 

River pebble. — ^This class of deposit is very similar to the land 
pebble and derives its name from its manner of occurrence in the river 
beds. The pebbles are white to dark brown in color and of about the 
same size as the land pebbles. They occur in the form of bars in the 
rivers, and are derived from the formations through which the 
river flows. 

DEVELOPMENT AND PRODUCTION. 

The year 1887 marked the beginning of the phosphate industry in 
Florida. In 1888 the first shipment oi pebble phosphate from Peace 
River was made to Atlanta, Ga. In 1889 the hard-rock phosphate 
was discovered in Marion County, and in 1890 the land-pebble area 
was opened up in Polk C!ounty. The growth of the industry has been 
rapid and remarkable, until now Florida is the largCvSt producer of 
phosphate rock in the United States. 

The first production consisted of 3,000 tons in 1888, and twenty 
years later the output for the year was 1,357,365 tons, or nearly 60 per 
cent of the entire production of the United States in 1907. Following 
is a table showing the marketed production and value of phosphate 
rock from Florida, by years, since the first shipment: 

Output of phosphate rock in Florida, hased on marketed product, J888-1907, 



Year. 


QuanUty. 


Value. 


1 Year. 


QuanUty. 


Value. 


1888 . .. 


Longtont. 

3,000 

4,100 

46,501 

112,482 

287,343 

438,804 

527,663 

568,061 

405,199 

552,342 

000,894 


121,000 

28,000 

338,190 

703,013 

1,418,418 

1,979,056 

1,666,813 

2,112,902 

1,547,353 

1,493,515 

1,847,796 


1 1899 


Longtona. 

726,420 

706,243 

751,996 

786,430 

860,336 

1,072,951 

1,194,100 

1,304,506 

1,357,966 


t2,g04,001 
2,983,313 
8,160,473 
3,664,197 
3,986,834 


1889 


1900 


1890 


1901 


1891 


1902 


1892 


1003 


1893 


1904 


^9^»4 


1894 


1905 


1895 


1906 


1896 


1907 


6,677,767 


1897. 


Total 


1898 


13,386,731 


«,043,407 
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DISTRIBUTION. 

The South Carolina phosphate beds occur interruptedly along a belt 
the lower limit of which extends along a meandering line from a 
point near the source of the Wanda River in Charleston County to 
the mouth of the Broad River. The belt follows the coast, running 
back as far as 20 miles from the ocean. 

In South Carolina the phosphate rock occurs in two forms: The 
land rock and the river rock, running about 58 and 55 per cent in 
tricalcium phosphate. 

Land rock. — The land rock is very probably of Miocene age, and 
consists of so-called pebble rock which is in lact a solid mass from 
which the calcium carbonate has been leached out and partially re- 
placed by phosphate, leaving cavities which connect and penetrate 
through the rock, giving it the appearance of bein^ maae up of 
separate pebbles. The rock runs from 1 to 3 feet in thickness, and is 
overlain by a greensand marl. 

River rock, — ^The river rock is so called because it is mined from 
the river channels. It consists essentially of the water-rounded frag- 
ments of the land rock. 



DEVELOPMENT AND PRODUCTION. 

As already stated, phosphate rock was discovered in South Caro- 
lina in 1867, during which year 6 tons were marketed. From this 
time on the production increased until 1889, when it amounted to 
541,645 long tons. Since 1893 the production has almost steadily 
decreased, and in 1899 Florida took the lead in the industry. In 1907 
only 257,221 tons were marketed from South Carolina. The total 
production and value of phosphate rock from South Carolina, by 
years, from 1867 to 1907, is shown in the following table : 

Production of marketed phosphate rock in South Carolina, 1867-1907. 



Year ending - 


Quantity. 


Value. 


Year ending— 


Quantity. 


Value. 


May31- 

1867 


Long tons. 

6 

12,262 

31,958 

65.241 

74,188 

58,760 

79,203 

109,340 

122,790 

132,478 

163,000 

210,322 

199, 365 

190,763 

266,734 

332,077 

378,380 

431,779 

395,403 

277,789 
430,549 
480,558 




December 31— Continued. 
1888 


Long tons. 
448,567 
541,645 
98 
06 
28 
64 
08 
75 
23 
80 
84 
50 
73 
81 
65 
40 
06 
25 
75 
. 21 


«2, 018, 662 
2,892,276 
2,875,605 
2,948.138 
1,877 709 


1868 




1889.... 


1869 




1890 


1870 




1891.... 


1871 




1892 


1872 




1893.. . 


2,157,014 
1,745,676 
1,411,032 


1873 




1894 


1874 


$7,248,380 


1895 


1875 


1896 


1,181,649 

986,572 

1, 107, 272 


1876 




1897 . 


1877 




1898 


1878 




1899 


1,078,099 
1,041,970 


1879 




1900.... 


1880 




1901 


961,840 


1881 


1,980,259 
1,992,462 
2,270,280 
2,374,784 
2,339,468 

1,805,629 
1,848,939 
1,836,818 


1902 


919,725 


1882 


1903 


ic^,803 


1883 


1904 


861, 317 


1884 


1905 


878,169 


1885 


1906 


817,068 
980,867 


December 31 — 


1907 


1885 


Total 


1888 


11,912,959 


63,221,272 


1887 









7253&— S. Doc. 676, 60-2, vol 8- 
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TENHESSBE DBPOSm. 
DISTRIBUTION. 

The deposits of phosphate in Tennessee lie mainljr in Maury, Hick- 
man, Perry, and Lewis counties, with some deposits in Giles, Wil- 
liamson, Davidson, Sumner, and Decatur counties. 

There are three commercially important classes of phosphate rock 
in Tennessee: The brown residual jmosphate, the blue or black bedded 
phosphate, and the white phosphate. These range in phosphatic c<m- 
tent from 70 per cent to 80 per cent lime phosphate in the brown rock 
to 76 to 85 per c«it lime phosphate in the white rock, although in all 
three classes are to be found portions which run as high as 90 per cent 

BROWN RESIDUAL PHOSPHATB. 

This variety of phosphate occurs mainly in Maury County. It is 
of Ordovician a^, and is the result of the leaching process to which 
the phosphatic limestones have been subjected. Surface waters bear- 
ing carbonic and other organic acids have dissolved and carried away 
a large part of the calcium carbonate forming the limestone, leaving 
the calcium phosphate as a residual deposit The brown phosphate 
is from 2 to 6 or 8 feet in thickness at various points. 

BLUE OR BLACK BEDDED PBOSPHATE. 

These deposits are of Devonian age, and show variations from 
oolitic through compact and conglomeratic to shaly forms. There 
is also a nodular variety which occurs in a greensand formation im- 
mediately overlying the black shale. The bedded deposit occurs in 
seams varying from 1 to 50 inches in thickness, but where carrying 
high-grade rock the bed is seldom more than 20 inches thick. The 
phospnatic content ranges from 30 to 86 per cent The nodular va- 
riety, which is embedded in a greensand matrix, runs about 60 per 
cent lime phosphate, but it is not practicable to work it except at 
points where the b^ded rock is mined by stripping off the over 
burden. 

WHITE PHOSPHATE. 

This rock is of post-Tertiarv age, and occurs in three different 
forms, stony, brecciated, and lamellar. The stony phase contains 
usually only about 50 per cent of lime phosphate and is not worked at 
the present time. The lamellar forms were deposited in caves, and are 
thus of irregular shape and extent. The breccia consists of fragments 
of Carboniierous chert cemented by lime phosphate. The chert frag- 
ments vary from a fraction of an inch to 3 or 4 inches in diameter. 
The lamellar variety consists of thin parallel layers or plates about 1 
inch thick, but several inches long ana broad. 

The white phosphate has thus far been found only in Perry and 
Decatur counties. It runs sometimes as high as 85 per cent phosphate 
of lime. 

DEVELOPMENT AND PRODUCTION. 



The blue bedded phosphate of Tennessee was discovered in 1893 

" ndtobevaJ 
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able. The favorable location of ibis brown rock led to the cessation 
of blue-rock mining for the time. The white rock has not as yet been 
extensively mined. 

The total production of phosphate rock from Tennessee from the 
first operations in 1894 to the end of 1907 is as follows: 

Production of marketed phospJhate rock in Tennessee, 1894-1907, 



Year. 


Quantity. 


Value. 


Year. 


Quantity. 


ValUB. 


1894 


Long tons. 
19,188 
38,515 
26,157 
128,723 
^08,107 
424,109 
464,491 
409,653 


$67,158 

82,100 

57,370 

193,115 

496,392 

1,177,100 

1,328,707 

1,192,090 


1902 


Long tons. 
390,799 
400,530 
530,571 
482,859 
547,677 
638,612 


$1,206,647 


1895 


1903 


1,543,567 


1896. 


1904 


1,745,054 


1897 


1905 


1,633,389 


1896 


1906 


2^147,991 


1899 


1907 


3,047,836 


1900. 


Total 




1901 


4,859,991 


15,920,636 







ABKANSAS DEPOSITS. 

The developed phosphate deposits of Arkansas are on Lafferty 
Creek, on the western edge of Independence County. The rock itself 
is light gray, homogeneous, and conglomeratic, with small pebbles 
more or less angular in form. The phosphate bed runs from 2 to 
6 feet in thickness, and varies from 25 to 73 per cent phosphate of 
lime. 

DEVELOPMENT AND PRODUCTION. 

The Arkansas phosphates as such were discovered in 1895, but it 
was not until 1900 that any attempt was made to develop them. At 
that time the Arkansas Phosphate Company was formed, and a min- 
ing and milling plant was erected. After only a few months' opera- 
tion this plant was destroyed by fire, and it has only been within the 
last two years that any production has been marketed, and that has 
been a small one. Analyses show that very little of this rock is high 
grade, and the field will probably not be operated until 30 to 50 per 
cent rock can be utilized. 

WYOMINQ-IBAHO-tTTAH DEPOSITa 



DISTRIBUTION. 

Within the last few years a large area of phosphate-bearing rock 
has been discovered in the western United otat^. This discovery 
is of much importance since it opens a new field in an area which is 
tributary to the great agricultural region of the Middle West. The 
phosphate occurs over a considerable area in southeastern Idaho, 
southwestern Wyoming, and northeastern Utah. It is found in rocks 
of upper Carboniferous age in a series of shales and limestones, 100 
feet thick, within which are several beds of phosphate rock ranging 
in thiclmess from a few inches to 10 feet. At the base of the series 
is a limestone, and 6 to 8 inches of soft brown shale separates this 
from the principal phosphate bed, which is 5 to 6 feet thick. This 

?hosphate bed is oolitic in character and high in phosphoric acid, 
'here are several other beds ranging from a few inches to 10 feet in 
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thickness, separated by thin beds of limestone or shale, in the series. 
Usually one and sometimes two of these beds at a given section are 
workable, and probably some of the others will eventually be mined. 
The lime phosphate content in the workable beds varies from 65 to 
80 per cent, with an average of 72 per cent 

DEVELOPMENT AND PRODUCTION. 

The newness of the field, the lack of transportation facilities, and 
the high freight rates have prevented the development of this 
phosphate territory to a great extent, although there has been some 
shipment from Montpelier, Idaho, in the last two years. According 
to F. B. Weeks,** who recently prepared a report upon these phos- 
phate : 

This field embraces the largest area of known phosphate beds In the world, 
and at some future time it will doubtless furnish a large part of the world's 
production of commercial fertilizer. The development of IntensiTe farming as 
a result of the reclamation of arid lands in the West will afTord an increasing 
home market 

PHOSPHATE AS A FEBTILIZEB. 

According to a letter from Dr. W. L. Basin, of Baltimore: • 

The manufacture of chemical fertilizers in the United States began about 
1850. In that year Dr. P. S. Chappell and Mr. William Davison, of Baltimore, 
made some fertilizer in an experimental way. About the same time Professor 
Mapes was experimenting. Later De Burg utilized the spent bone black de- 
rived from the sugar refineries and made quite a quantity of "dissolved bone 
black'* (superphosphate). In 1853 or 1854 Dr. P. S. Chappell commaiced the 
manufacture of fertilizers, as did B. M. Rhodes, both of Baltimore. In 1855 
Mr. John Kettlewell, recognizing the fact that Peruvian guano (then becoming 
quite popular and containing at that time 18 to 21 per cent ammonia) was 
too stimulating and deficient in plant food (phosphates), conceived the idea 
of manipulating the Mexican guano, containing no ammonia but 50 to 60 per 
cent of (bone) phosphate of lime, and called his preparation " Kettlewell's 
manipulated guano." 

While in 1856 the sales of Peruvian guano had Increased to 60,000 tons, and 
of Mexican guano to some 10,000 tons, there was not at that date 20,000 tons 
of artificial fertilizers manufactured in the entire country. Baltimore was not 
only the pioneer but the principal market for fertilizers until some time after 
the civil war. 

In 1859 a fertilizer plant was built at Charleston, S. C, by Pro- 
fessor Shepard and Col. L. M. Hatch, but it was soon abandoned. 
Since the discovery of valuable deposits of phosphate rock in South 
Carolina in 1867, the fertilizer inaustry has grown rapidly, and in 
1900 there were 478 factories in the United States, with an output 
of 2,887,004 tons of fertilizer, valued at $41,997,673. 

AVAILABLE PHOSPHATE DEPOSITa 

The known phosphate deposits of the United States are distributed 
principally among four localities: (1) Alonff the west coast of 
Florida, going back 20 to 25 miles inland; (2) along the coast of 
South Carolina, extending 6 to 20 miles inland; (3) in central Ten- 

« CJontributions to economic geology, 1907, pt 1 : BuU. U. S. Geol. Survey No. 
840, 1908, pp. 441-447. 
* Twelfth Census Report* Vol. X. Ft IV, p. 662. 
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nessee; and (4) in an area comprising southeastern Idaho, south- 
western Wyoming, and northeastern Utah. In addition to these areas 
some deposits occur in north-central Arkansas, along the Georgia- 
Florida state line, in North Carolina, Alabama, and Mississippi, out 
these are mainly of low grade and not utilized at the present time. 
The first three of the important deposits have been worked for ten 
to thirty years, while the fourth is a new field which has as yet 
had but a small output. 

Owing to very incomplete data any estimate as to available supply 
of phosphate rock must, at best, be unsatisfactory. Taking South 
Carolina as the field most likely to first reach the exhaustion point, 
Florida second, Tennessee third, and the practically untouched de- 
posits of Idaho- Wyoming-Utah last, an estimate of the available 
supply and possible dm-ation is given, based on the past production. 

South Carolina, — ^By reference to the table of total production 
(p. — ) it will be seen that the output gradually increased from 1867 
until 1889, when the largest production, 541,645 long tons, was mar- 
keted. Since 1893 the output has decreased at about the same rate 
as the increase previous to that year. In the twenty-seven years 
from 1867 to 1893 the production was 7,269,453 long tons, and 
in the fourteen years smce 1893 the production has been only 
4,643,506 tons, or 63.8 per cent of the production to 1893. Arguing 
from these figures, it is safe to say that the amount of phosphate 
rock remaining to be mined in South Carolina is not more than 
3,000,000 tons, but it is possible that by careful deeper prospecting 
these figures may be increased. At the present rate of production 
this field has a probable life of not more than fifteen years. 

Florida. — ^The total production of phosphate rock in Florida since 
the beginning of the industry in 1888 has been 12,395,731 tons. As 
shown by the table on page 560 there has been a steady increase in 
production, but since 1904, when the increase in output over the 
previous year was 212,615 tons, the increase has been smaller .each 
year, untfl in 1907 it was only 52,860 tons. When it is remembered 
that the phosphate deposits in Florida are not continuous beds, but 
rather pockets, and that practically all the phosphate-bearing areas 
in the State have already been discovered, it appears conservative 
to estimate an available supply remaining at not more than 15,000,000 
tons, or a little more than has already been produced. At the present 
rate of production the phosphates of Florida would have a life of 
approximately twelve years. 

Tennessee. — ^The total production of phosphate rock in Tennessee 
since the discovery in 1893 has been 4,859,991 tons. In 1907 the pro- 
duction was the largest in the State's history, amounting to 638,612 
tons. In Tennessee the phosphates exist as w*own rock, blue bedded 
rock, and white rock. The brown rock is the result of leaching 
processes in an original phosphatic limestone afid occurs usually on 
the surface. The ease of mining and accessibility to transportation 
have contributed to the rapid working out of this class of rock, but 
there still remains enough of it to last possibly five years at the 

E resent rate of production; that is, about 3,000,000 tons. The blue 
edded rock has not been worked considerably in the past, but with 
the approaching exhaustion of the brown rock a good deal of activity 
is now being shown. The bedded character of this rock and its con- 
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tinuity oyer large areas make it certain that large amounts are still 
available. According to the American Fertilizer for November, a 
company has been organized and has taken up 16,375 acres of phos- 
phate land, with 10,000 acres under option. An estimate of 1,500 
tons to the acre gives approximately 40,000,000 tons, but this estimate 
is very conservative. Tne phosphate rock is heavy, weighing about 
175 pounds to the cubic foot. Supposing workable phosphate rock 
1 foot in thickness to underlie the 26,375 acres, there would be 
approximately 100,500,000 tons as an available supply in this terri- 
tory, more than two and one-half times the amount estimated by the 
American Fertilizer. With the 3,000,000 tons of brown rock esti- 
mated, Uiere would be a total available supply of 103,500,000 tons 
remaining in Tennessee. At the present rate of production in Ten- 
nessee this would last about 160 years. But with the exhausticm of 
the SoutJi Carolina and Florida deposits in twelve years the burden 
of Uie industry would fall on Tennessee and the western deposits. 
In case Tennessee furnished all the phosphates for the country, at 
the present rate of total producticwi, after the South Carolina and 
Florida deposits are exhausted in twelve years, the Tennessee deposits 
would give out about 1960. These figures do not include vast quanti- 
ties of rock running from 25 to 50 per cent lime phosphate, which 
are not at present workable. 

Wyoming-Idaho-Utah, — The production from this field has not 
been suflScient to warrant mention, nor has enougjh detailed work been 
done in the area to afford a good basis for figuring available supply. 

F. B. Weeks, of the Geological Survey, has made a reconnaissance 
report on the district, from which a very rough estimate of the 
available rock may be made. The phosphate formation consists of 
phosphatic limestones and shales 80 to 100 feet in thickness, varying 
in lime phosphate from 65 to 80 per cent in the workable beds to 20 
to 50 per cent in the portion not at present workable. This, series 
dips. at all angles from 20° to 90"^, thus giving a much larger possible 
toimaf^e than would be expected from the superficial extent of the 
deposits. The formation is cut by faults to a very great extent 

The area underlain by phosphate in the western field is almost 
wholly public land. Only one claim, the Waterloo placer claim, has 
been patented, but much land valuable for its phosphate deposits has 
been staked out in claims, of which there are not to exceed 200 in the 
aggregate. The engineer of the Waterloo property claims 1,000,000 
tons of rock in sight above the valley, without taking into consider- 
ation the rock underground where the steep dip carries it from the 
mountain side. There are perhaps 200 other claims on which develop- 
ment work is being done at tiie present time. If each of these claims 
is but half as rich as is the Waterloo, they would represent an avail- 
able supply of 100,000,000 tons in this field, a supply sufficient to 
furnish the entire production of the United States, based on the 1907 
output, for forty- four years. It is to be understood that these 
figures do not include the immense quantities of low-grade rock 
which underlie the western field, rnv do they take into consideration 
the quantities which are at present too deep to be profitably worked. 
With no more reliable figures at hand, this estimate is offered for 
the high-grade phosphate rock at present actually available in the 
Wyommg-Idaho-Utali field. Doubtless before the high-grade rock 
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is exhausted s<Hne mediod will be devised for making use of the low- 
grade ro<^, which is at present unavailable both in l^nnessee and the 
West. 

Arkanaas, — Phosphate deposits are known to occur in Arkansas, 
but they have not been mined to any large extent. They are ap- 
parently of low grade, and large quantities are not to be counted on 
until rock containing 30 to ^ P^r cent lime phosphate can be utilized 
for fertilizer manunicture. This material would not, therefore, be 
classed as available at this time. 

BXPOBTATION. 

In 1907 there were 2,265,000 tons of phosphate rock produced in 
the United States. Of this amount over 900,000 tons, or about 40 per 
cent, was exported. It is not difficult to see that, with our steadily 
increasing population, the time is not very far distant when the 
farm lands of the Middle West will be burdened to their fullest capac- 
ity. It has been shown, as the result of agricultural experiment 
station work in Wisconsin, Ohio, and Illinois, that in fifty- four years 
soils of these States in the cropped areas have been depleted of one- 
third of their original phosphoric acid. This is equivalent to 20 
pounds per acre annually. Assuming it to be only half this amount 
for the 400,000,000 acres of cropped land in the United States, it 
would require 6,000,000 tons of phosphate rock annually, or nearly 
three times our 1907 production, to offset this loss, without consider- 
ing the question of increasing the productivity. With the reclamation 
of the arid lands of Wyoming and other Western States will come a 
period of intensive farming, and in order to produce the large crops 
which will be required of them, these lands must soon have the as- 
sistance of artificial fertilizer. We will have enough to do to take 
care of our own farm lands without shipping our phosphate rock to 
foreign countries, and in justice to future generations exportation 
should be stopped. 

Total tonnage available. — Following is a table showing the esti- 
mated tonnage of phosphate rock available at the present time in 
the United States. 

Tons. 

South Carolina 3, 000, 000 

Florida 15, 000, 000 

Tennessee 103, 500, 000 

Western States 100, 000, 000 

Total 221, 500, 000 

ESTIMATED LIFE OF PHOSPHATE DEPOSITS. 

The rate of increase in production for the past twenty years has 
been 117 per cent for each decade. ^ Assuming that this rate of in- 
crease will c(mtinue, it will require just twenty-five years to exhaust 
the available supply of phosphate rock in the United States. The 
annual production, at the above rate of increase, will be approxi- 
mately 17,000,000 tons in 1932. 

It is hardly probable that the rate of increase in production will be 
so great as for the past decade, since the a^icultural lands of the 
Middle West do not at present need artificial assistance. But in- 
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creasing population with its accompanying intensive farming will 
eventually force these States to the use of fertilizing materials. The 
reclamation of arid lands in the West will probably postpone the day, 
but even those lands will early need some assistance to grow the large 
crops which will be required of them. 

Of course the vast amount of low-grade rock which is not now 
available will be in reserve, and sometime before the exhaustion of the 
high-grade phosphates we will doubtless have begun to use this rock. 
The increasing price of the 60 to 80 per cent phosphate will have a 
hastening effect on the utilization of the present low-ffrade materiaL 
We have the deposits of Arkansas, Georgia, North Carolina, Alabama, 
Tennessee, and the West, which run from 30 to 50 per cent in lime 
phosphate, to draw upon after the high-grade rock is exhausted. 
This class of deposits, especially in Tennessee and the Western States, 
will afford an enormous tonnage. 

There is still the chance of the discoveiy of more phosphate fields, 
and probably the Wyoming-Idaho-Utah neld will produce far more 
than estimated, but based upon present available deposits the life of 
the phosphates must at best be a short one. 

FGBEIQN DEPOSITS. 

Deposits of phosphate rock exist in Algeria, France, New Zealand, 
Canada, Russia, Spain, Timis, Belgium, French Guiana, and some of 
the South Sea Islands. The deposits of France and Belgium are 
practically exhausted, only those of low grade remaining. Concern- 
ing the other coimtries, no information as to reserve tonnage is at 
hand except for the three South Sea Islands — Ocean, Pleasant, and 
Makatea. These islands have deposits which are estimated to contain 
an aggregate of 60,000,000 tons of high-grade phosphate rock. 

UTILIZATION or THE PHOSPHATEa 

From the above figures it will at once be seen that the utilization 
of our phosphate deposits to the best possible advantage is imperative. 
Our farm lands must be preserved for future generations. The phos- 

Shate rock of South Carolina is practically exhausted; the Florida 
eposits have reached their maximum production ; the output of the 
Tennessee deposits is on the increase, but this field alone would, at the 
present rate of increase in production, last only eleven years. There 
IS some phosphate in Arkansas, but it is of low grade; therefore the 
large deposits of the public-land States must be depended on for the 
greater part of our phosphate in the future. The conservation of our 
phosphate deposits can be best accomplished in the following ways: 
1. Correction of wasteful mining methods, — ^The waste involved in 
mining phosphates, especially in Tennessee, should have scnne atten- 
tion. In order to get the largest quantity of high-grade rock neces- 
sary for the export trade, large amounts of 50 per cent rock are 
thrown on the dump and wasted. The time is sure to come when 50 
per cent rock, and even 25 per cent rock, will be utilized in fertilizer 
manufacture. Steps should be taken now to prevent this waste in 
order to avoid a similar mistake when the phosphates of the Western 
States are mined. Much of the western rock runs from 25 to 50 per 
cent lime phosphate, and such material should be saved toward the 
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time when the tenn " high-grade rock " will come to mean a lime 
phosphate content of 40 to 50 per cent instead of 70 to 80 per cent 
as at present. 

2. utilization of sewage. — One of the important sources of phos- 
phoric acid to which we must look in the future is the human excre- 
ment which is now being wasted through the present systems of 
sewage disposal. Van Hise says: 

Whitson estimates that the loss in the cities due to man alone is the equiva- 
lent of 2 or 3 pounds of phosphoric acid per acre for the entire cropped region 
of the United States. Supposing this loss to t>e 2 pounds, this is one one-thousandth 
of a ton, which amounts for the 400,000,000 acres to 400,000 tons of phosphoric 
acid, or equivalent to 1,200,000 tons of phosphate rock. 

The significance of these fibres will at once be seen when it is 
known that the total production of phosphate rock in the United 
States for the year 1907 was 2^65,343 tons, 

3. Leasing of the phosphate deposits, — Only by preventing or ma- 
terially curtailing exportation can we be assured of the use of our 
phosphate deposits for our own lands in the future. The following 
table shows the production and expectation of phosphate since 1900: 

Table ahotoing production and exportation of phosphate rock in the United 

States, WOO-1907. 



Year. 



Fioductloii. 



Ezporta- 
uon. 



Year. 



Production. 



Exporta- 
tion. 



1900 
1901. 
1902. 
1903. 
1904. 



Long tons. 
1,491,216 
1,483,723 
1,490,314 
1,581,576 
1,874,428 



Long ton*. 
776,220 
624,996 
747,672 
817,503 
849,130 



1905 

1906 

1907 

Total 



Long torn. 
1,947,190 
2,060,957 
2,265,343 



Long ions. 
879,979 
964,241 
900,963 



14,214,747 



6,660,724 



From this table it will be seen that over 46 per cent of the phos- 
phate rock produced in the United States since 1900 has gone to 
foreign countries. In this connection the American Fertilizer for 
November gives an account of the organization of the Franco- Amer- 
ican Consolidated Phosphate Company, with a capitalization of 
$7,500,000. The capital stock is niHy paid up, and is divided as 
follows : $5,250,000 lor the purchase or phosphate lands in I'ennessee, 
and $2,250,000 for the purchase of fertilizer plants in Europe 
and for working capital. The company is headed by a powerful syn- 
dicate of leading fertilizer manufacturers and bankers of France, 
Spain, Italy, and Belgium, who will control the stock of the company ; 
and by this organization the fertilizer industry of Europe is expected 
to be completely under its control. 

The company has purchased 16,375 acres of phosphate lands, and 
has 10,000 acres more under option. Among their plans it is stated : 

The company has contracted all of the export rock it can produce for the 
next ten years, and has concluded arrangements for the immediate introduction, 
on a large scale, of the blue rock, both in Europe and In this country. 

From this it would appear certain that the phosphate deposits of 
the United States are to-be drained for the benefit of the worn-out 
farm lands of foreign coimtries. So far as the deposits of Florida, 
Tennessee, and SouSi Carolina are concerned, this can not be easily 
prevented, but the production of the newly opened western fields may 
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be preserved for the United States by retaining in the Government 
title to all the phosphate rock in the -lands now belonging to the 
United States, and leasing these deposits under appropriate terms. 
In the lease could be included a clause providing that the lessee shall 
agree to mine phosphate rock only for home oonsimiption. 

If all the laiids containing phosphate were reserved pending leas- 
ing, it would remove from entry certain lands which might otherwise 
be occupied by home seekers, and it is therefore necessary to provide 
for Uie disposal of surface rights alone. Such a separation of surface 
and mineral rights would obviate the necessity of creating large 
phosphate reserves in which the surface lands would be remov^ from 
settlement; it would permit the fullest utilization of the land in all 
particulars. A separation of surface and mineral rights would fur- 
thermore insure the proper utilization of all phosphate deposits which 
may hereafter be found in lands now belonging to the United States. 
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By C. W. Hayes. 
United States Geological Survey. 



There is unquestionably a strong tendency toward the se^egation 
of mineral properties; it is stroller, however, in connection with 
some minerals than with others. The tendency is probably greatest 
in connection with iron ores. The reasons are that the iron-making 
industry itself has in recent years been consolidated under the con- 
trol of a comparatively few companies, and these companies have 
in most cases pursued the policy of securing their own ore reserves. 
Thus the Steel Corporation probably controls 75 per cent of the 
iron ore in the Lake Superior and southern Appalachian districts. 

The tendency to segregate is less strongly marked in the case of 
coal. This appears to be due chiefly to the fact that coal mines may 
be developed on comparatively small capital, and to the further fact 
that the market for the product is very widely disseminated, whereas 
iron ore, even when produced independently of the companies owning 
the furnaces, is disposed of to a relatively few purchasers. 

Intermediate between iron ore and coal are deposits of the precious 
and semiprecious metalliferous ores. The extent to which these are 
segrejgatea in a few hands is determined largely by the geo^aphic 
position, although the character of the ore and the necessity for 
obtaining suitable furnace mixtures is also a factor. 

The tendency to segregate in case of the minor minerals is not 
strong. Thus the production of barite, mica, corundum, graphite, 
feldspar, pyrite, manganese, etc., comes from a large number oi 
small independent producers. The production of sulphur in this 
country is a monopoly, not by reason of the segregation of separate 
properties, but through the possession of a patented method for 
extracting the sulphur from the deposit. An attempt was made to 
secure control of the production of salt, but the movement failed. 
The production of petroleum has remained in a large number of 
separate companies chiefly because such a condition was most satis- 
factory to the principal refining companies. 
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By Alfbed H. Bbookb, 

Geologist in charge, Division of Alaskan Mineral Resources, United States 

Geological Survey. 



INTBODUCTION. 

A complete description of the mineral resources of any region is 
possible only when its ^ology has been exhaustively studied, and 
even then any quantitative determination of the mineral reserves is 
often little more than a bold guess. The Alaskan geologic surveys 
and investigations, begun a decade ago, now cover but 16 per cent of 
the entire Territory. These, moreover, for the most part have been 
of a preliminary character, and, while they have yielded important 
facts regarding the occurrence and distribution of the mineral de- 
posits, they do not furnish the minute knowledge essential to quan- 
titative determination. Detailed surveys and studies such as have 
been relied on elsewhere for quantitative data on mineral deposits are 
in Alaska almost entirely lacking, since less than a third of 1 per cent 
of its area has been subjected to such investigation. Therefore, as 84 
per cent of the Territory is geologically aunost unknown and less 
than 1 per cent has been mapped in detail, it will be evident that this 
statement can be only of a very general character. 

The following account of the mineral resources of Alaska is based 
entirely on the work of the United States Greological Survey, whose 
reports furnish almost the only sources of information on this subject 
In the preparation of this statement the writer has utilized the results 
of all tne geologists and engineers who have worked in this field, and 
has received vSuable assistance from G. C. Martin, C. W. Wright, 
L. M. Prindle, F. J. Katz, U. S. Grant, C. C. Covert, F. F. Henshaw, 
P. S. Smith, F. H. Moffit, and Adolph Knopf. 

In the lack of comprehensive quantitative data it will probably best 
serve the purposes of this report to consider the more general prob- 
lems of geographic and geologic occurrence of the various useful 
minerals of the Territory. The coal resources will be considered at 
some length, both because of the importance of the mineral fuel 
reserves and because the geologic occurrence of coal is such as to 

Sermit a quantitative interpretation of the data with a far greater 
egree of assurance than of those relating to other mineral deposits. 
The subject of iron ore reserves, of almost equal importance witn that 
of coal, can be but briefly touched upon, because so few facts regard- 
ing it are available. But little attention has been devoted to iron ore 
572 
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hj the Alaskan geologists, for there is not a single iron mine in the 
Territory and at only two localities have iron-ore bodies been pros- 
pected. Relatively much more is known about the auriferous de- 
posits, especially the placers, for here the observation of the geologist 
IS supplemented by the many facts developed in the course of mining 
and prospecting. But the character of these deposits, especially that 
of the auriferous lodes, makes estimates of mineral reserves of but 
little value. The same holds true of the copper deposits, which are of 
too great irregularity to allow even an approximation of the avail- 
able tonnage. Moreover, though copper ores find a wide distribution 
in the Territory, they have been mined in only two districts. Most 
of the copper mines are not over 200 feet in depth, one only having 
reached 600 feet. Predictions as to permanency of ore bodies at depth 
in this field, which must form an important element in estimatmg 
tonnage, can therefore have no great value. 

QENEBAL DISTBIBtTTION. 

The ores and other minerals mined in Alaska up to the dose of the 
year 1907 include gold, silver, copper, lead, tin, coal, petroleum, gyp- 
sum, marble, and mineral waters. In addition to these iron, tung- 
sten, antimony, quicksilver, graphite, and peat have been found in 
deposits that will probably be exploited in tne future. Of these only 
the deposits of gold, silver^ copper, lead, iron, coal, petroleum, and 
peat will be described in this report. 

As there are no political subdivisions of Alaska, it will be desirable 
to refer the distribution of its resources to certain geographic prov- 
inces, and these must first be defined. (See PL I.) The Pacific prov- 
ince includes the lode and placer districts of southeastern Alaska, 
the Controller Bay coal and petroleum fields, the copper lodes ot 
Prince William Sound, the copper-bearing lodes and gold placers 
of the Copper River region, the gold placers and lodes and coal fields 
of the Susitna and Matanuska basins and of the Kenai Peninsula, 
and the coal fields and gold and copper lodes of the Alaska Peninsula 
and adjacent islands, often called southwestern Alaska. This whole 
coast province is a region of strong relief, and much of it is readily 
accessible from the waters of the Pacific, open to navigation through- 
out the year. 

The mountain system included within the Pacific province forms 
a high barrier between the coast and the central province, which is of 
lesser relief. This central province, drained to Bering Sea by the 
Yukon, Kuskokwim, and some smaller rivers, includes the gold 

Slacers of the Yukon-Tanana region, the Koyukuk, and some smaller 
istricts, as well as extensive deposits of lignitic coal. It is accessible 
in summer by river steamers, but in winter only by long sled journeys. 
Seward Peninsula, forming a distinct province, embraces valuable 
gold placers, as well as some auriferous and argentiferous lodes, some 
tin deposits, and a little lignitic coal. It is accessible by steamer only 
during the summer months. 

Northern Alaska is here made to include the high mountains which 
bound the central province on the north, as well as the region of 
lesser relief bordering the Arctic Ocean. This field has b^n but 
little explored, but it is known to contain some placer gold and bitu- 
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minous as well as lignitic coal. It seems probable that further sur- 
veys will show the presence of extensive coal fields in northern 
Alaska. 

These geographic subdivisions have an important influence on the 

?uestion of the conservation of the mineral wealth of the Territory, 
or as the geographic conditions dominate the conmiercial exploita- 
tion of the resources, they determine in a large measure the rapidity 
with which these resources will become eidiausted. For example, the 
lode deposits and coal fields readily accessible from the Pacific sea- 
board are being exploited for the use of the present generation. On 
the other hand, though the development of the placer fields of the 
central province began nearly a generation ago, large areas are still 
entirely unprospected, and the cosd fields of the same region are almost 
entirely untouched. The coal fields of northern Alaska are not only 
entirely undeveloped, but are certain to remain so until the time in the 
future when the accessible coal of Alaska and the United States ap- 
proaches exhaustion. 

COAL. 

[By Alfbbd H. Brooks and GBoaei C. MAoriif.] 
STRATIGRAPHIC POSITION AND COMPOSITION. 

The Alaskan coals include lignitic, bituminous (some of which will 
make good coke), and anthracite varieties. Of these the lignitic and 
lower-grade bituminous coals are the most widely distributed and, 
so far as now known, the most abundant, at least half of the known 
coals being lignites. To offset their lower fuel value the lignites 
often occur in thick beds and with a large percentage of coal in any 
given section. Moreover, their geographic distribution is such that 
they afford an important source of fuel for local consumption in some 
of the less accessible parts of the Territory. 

These coals belong to four geologic periods, namely, Tertiary, 
Cretaceous, Jurassic, and Carboniferous. In addition to these there 
are some inferior lignites of Quaternary age, and it is by no means 
improbable that further investigation may lead to the discovery of 
coal at still other horizons. Of these four periods only the fuels of 
the first three promise to have any considerable commercial impor- 
tance, and all out one of the important coal fields are of Upper 
Cretaceous or Tertiary age. In fact, a large part of the coal beds 
have been identified as belonging to the Kenai formation, whose age 
is believed to be upper Eocene. The Carboniferous and Jurassic coius 
vary in composition from semibituminous to subbituminous fuel. In 
the younger coal fields anthracite, various grades of bituminous, and 
lignitic coals are found. 
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The f ollowmg table shows the compoaiioii of the cotls from differ- 
wat parts of the Territory: 

Analyaea of Alaska cool. 
[Compiled from reports of United States Geologleal Survej.) 



District and kind of coal. 



Mote, 
ture. 



V<to- 

tile 

matler. 



carbon. 



Ash. 



Sul- 
phur. 



Vuel 
ratio. 



AXTHSUlCOE. 

1. Bering River, ayenge of 7 analyses 

2. Matanuska River, 1 sample 

aBMIANTHBACm. 

3. Bering River, average of 11 analyses 

SEMIBITUIONOUS. 

4. Bering River, coking coal, average of 28 analyses. 
A. Cape Llsbume, average of 3 analyses 

6. Mataniiska River, coking coal, average of 16 

analyses 

BXTUMINOUS. 

7. Lower YokoD, average of 11 analyses 

8UBBITUMIN0US. 

8. Matanuska River, averaee of 4 analyses 

0. Koyokuk River, 1 sample 

10. Nation River, 1 sample 

11. Alaska Peninsula, average of 6 analyses. 

12. Cape Lisbome, average of 11 analyses 

13. Anaktnvuk River, 1 samide 

UONITK. 

14. Port Graham, 1 sample 

15. Southeastern Alaska, average of 6 samples 

16. Wainwright Inlet, 1 sample 

17. ColviUe River, 1 sample 

18. Upper Yukon, Canadian, average of 13 analsrses. . . 

19. Upper Yukon, Circle province, average of 3 analysea . 

20. Upper Yukon, Rampart province, average of 6 

analyses. 

21. Seward Peninsula, 1 sample 

22. Chitistone River, 1 samplB 

23. Kachemak Bay, average of 6 analyses 

24. Nenana River, 1 sample 

2& Kodiak Island, 1 sample 

26. Unga Island, average of 2 analyses 

27. Tyonek, average of 4 analyses 

28. Cbistoohina River, 1 sample^ 



7.88 
2.65 



fl.80 



4.18 
3.06 



2.71 



4.68 



6.56 
4.47 
1.30 
2.34 
0.35 
6.85 



16.87 
1.07 
10.65 
11.50 
13.06 
10.45 

11.42 
24.92 

1.65 
19.85 
13.02 
12.31 
10.02 

8.36 
15.91 



6.15 
7.08 



8.87 



14.00 
17.47 



20.28 



31.14 



8&43 
34.32 
40.02 
38.68 
38.01 
36.39 



37.48 
37.84 
42.90 
30.33 

41.81 

4L15 
38.15 
61.50 
4a 48 
48.81 
51.48 
53.36 
54.20 
6a 35 



78.21 
84.32 



76.00 



72.42 
75.05 



65.39 



56.62 



40.44 
48.26 
55.55 
49.75 
47.19 
43.88 



39.12 
35.18 
42.94 
3a 27 
39.28 
40.49 

36.95 
33.58 
40.75 
30.99 
32.40 
33.80 
28.25 
8a02 
10.46 



7.74 
6.06 



9l27 



9.39 
2.92 



11.60 



7.56 



8.87 
12.96 
3.M 
9.22 
5.45 
13.38 



6.53 
24.23 

3.42 
27.90 

7.72 

7.27 

ia48 
3.35 
6.10 
8.68 
&77 
2.41 
7.47 
6.53 
4.28 



1.30 
.57 



1.06 



1.73 
.96 



.87 



2.96 

1.07 

.35 

.64 



.57 
.62 
.50 
1.26 
1..30 

.33 
.66 



.35 
.16 
.17 
1.36 
.38 



12.86 
U.90 



8.77 



5.28 
4.46 



8.28 



LOO 



L40 
1.40 
L39 
L30 
L24 
L20 



L04 
LQ2 
LOO 
LOO 
.99 
.97 

.91 
.88 
.79 
.77 
.66 
.66 
.62 
.58 
.32 



DISTRIBUnON AND AREA. 



The known coal-bearing areas aggregate some 1^02 square miles, 
while the estimated areas of the coal fields are 12,667 square miles (see 
p. 581). The distribution of the coal, together with a symbol indi- 
cating its quality, is shown on the accompanying map. 

Besides showing the actual distribution of the areas believed to 
be underlain by workable coal beds (marked in black) the map also 
shows the areas of the coal fields, so far as they are known (marked 
by stippling). The difference in what is represented by these two 
symbols is tnat in the first are included areas in which there is a 
reasonable degree of certainty that commercial coal beds can be 
opened up, while the second indicates what is known of the probable 
extension of the coal fields, and hence defines the areas worthy ol 
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prospecting. It should be noted that this mapping does not by any 
means have the same value throughout the territory, for in some 
instances it is based on geolo^c surveys of a hijgh d^ree of refine- 
ment; in others the data include only observations made during a 
rapid reconnaissance. 

The coal fields can be considered under the three general geo- 
graphic provinces already described: (1) The Pacific slope, (2) the 
central region, and (3) the northern region. (See map.) In 
the first are included the lignitic and bituminous fields of southeastern 
Alaska, Cook Inlet, the Susitna Basin, and the Alaska Peninsula, as 
well as the high-grade fuels of the Controller Bay and Matanuska 
regions. About 40 per cent, both of the area known to be underlain 
bv coal and of the estimated area of the total coal fields of the 
Territory, falls in this province. It includes also at least 90 per cent 
of the known bituminous and higher-grade coals of the Territory. 
In considering this percentage of total coal area it must be remem- 
bered that this is the best-known part of the Territory, and there is, 
therefore, less likelihood of future discoveries of coal than in the less 
explored districts of central and northern Alaska. However, as over 
50 per cent of this province is geologically almost unknown, there 
are possibilities that future surveys may lead to the discovery of 
more extensive coal-bearinff areas. 

The central province includes some bituminous and subbituminous 
coals on the lower Yukon, besides more extensive lignitic coal-bearing 
fields in the upper Yukon basin, near the coast line of Bering Sea, 
and elsewhere. Thirty-five per cent of the total known coal-bearing 
area falls in this province, and about 36 per cent of the estimated 
coal fields. At least 80 per cent of the central province, however, is 
almost unknown, so it is likely that further discoveries of coal will 
there be made. 

The northern re^on includes the bituminous and subbituminous 
coals of the Cape Lisbume region, as well as liffnitic and bituminous 
coal-bearing rocks in the Colville basin. These fields aggregate 24 per 
cent of the coal area of the Territory, and the area known to be uncfer- 
lain by coal forms 25 per cent of the total. This is a remarkable 
showing, in view of the fact that only about 10 per cent of this prov- 
ince has been studied geologically. There is every reason to believe 
that there are extensive coal fields in this part of Alaska. 

THE COAL FIELDB. 
80XTTHEASTEBN ALASKA. 

Though Tertiary (or possibly Upper Cretaceous) coal-bearins 
rocks are known to cover a considerable area on the southern part of 
Admiralty Island and on adjacent islands, the included coal beds 
have only a remote fuel value. The beds are from a few inches to 
2 or 3 feet in thickness, and the coal, so far as known, is of a low- 
grade lignitic character. 

BERING BIVEB. 

One of the two fields containing the largest known amount of high- 

Sade coal lies about 25 miles northeast of the small indentation of 
e southern sbore line of Alaska called Controller Bay. The field 
is drained by Bering River, from which it received its name. This 
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Bering River field embraces 21.6 square miles underlain by anthracite 
and 22.7 square miles underlain by semibituminous and semianthra- 
cite coal. The coal-bearinff rocks trend to the northeast into the un- 
surveyed high ranges, and it is quite probable that there are con- 
siderable areas in the unsurveyed extension of the coal field or pos- 
sibly other coal fields beyond the one surveyed. 

The workable coal beds in this field vary from 6 to 25 feet in thick- 
ness, though local swellings occur, giving a much higher maximum. 
They are included in a great series of sandstones and shale of Ter- 
tiary age (Miocene?) which are closely folded and faulted. In 
quality the coals vary from an anthracite, with 84 per cent of fixed 
carbon, to a semibituminous, with 74 per cent of fixed carbon (see 
p. 571). The field includes some coking coal. There is no good har- 
bor at Controller Bay, though plans have been made for building a 
breakwater. Another scheme of obtaining access to the coal is by 
constructing a railway from Cordova Bay, a good harbor lying 100 
miles to the west. This railway is now (1908) about half completed. 

COOK. INLET. 

Lignite-bearing Tertiary rocks occur widely distributed in the 
Cook Inlet region. These are usually little disturbed, but locally 
are considerably folded and faulted. The largest areas of coal- 
bearing rocks in this field occupy the western part of the Kenai 
Peninsula and are in pare buried under a cover of Quaternary 
gravels. It is not impossible that the entire Cook Inlet depression 
may be underlain by ttie coal-bearing formations. 

The best-known part of this field lies adjacent to Kachemak Bay 
on the north, where 2,000 to 3,000 feet of coal -bearing rocks are ex- 
posed. These contain an aggregate thickness of over 60 feet of 
workable coal beds, the thickest oi which is about 7 feet. Lignite in 
workable seams has also been found at Port Graham and Tyonek. 

Though the Kenai Peninsula was the scene of the earliest (1854) 
coal-mining venture in Alaska, the output has been only a few 
thousand tons. These coals, in spite of their accessibility to tide 
water, can probably not compete with the higher-grade fuels, such 
as those of the Matanuska field. It seems probable that the coal 
reserves in the Cook Inlet region are very large, for the area of the 
coal field is estimated at 2,565 square miles. 

MATANUSKA BEOION. 

The Matanuska coal field shares with that of Bering River the 
preeminence in the present fuel situation in the Territory. This 
field lies about 25 miles from tide water at Knik Arm, a northerly 
embaj^ment of Cook Inlet. As, however. Cook Inlet is frozen during 
the winter months, the distance to tide water must be measured to 
the eastern side of Kenai Peninsula, about 150 miles. 

The known commerciallv valuable coals of the Matanuska are 
included in folded and faulted rocks of Tertiary (Eocene?) age, in- 
cluding shales, sandstones, and conglomerates aggregating 3,000 feet 
in thickness. The coal-bearinff series has been traced for 50 to 60 
miles along the Matanuska Valley, but much of it is buried under a 
heavy blanket of Quaternary gravels. At the western end of the 
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district the bituminous coal, which seems to form the main body of 
the field, appears to pass into a lignite, while there is some evidence 
that the same coal is represented by an anthracite at the eastern end 
of the belt. This anthracite may, however, belong to an older coal- 
bearing formation. 

The commercial coals of the Matanuska field vary from a sub- 
bituminous to a semibituminous. There is also some anthracite, but 
of this less is known. It is evident from the facts in hand that there 
is a large amount of high-grade bituminous coal in this district. The 
beds vary from 5 to 30 feet in thickness. 

So far as at present known, the total area underlain by commercial 
seams ag^gates 46.5 square miles. As, however, much of the field 
is covered by gravels and as it has not been surveyed in detail, the 
coal-bearing area may be much larger. The total area of what may 
prove to be coal-bearing rocks is approximated at 900 square miles. 

A railway is under construction which will lead to the opening of 
this field. This will bring about the development of the high-grade 
fuels, of which there is a large Quantity. The lignites lying to the 
west of the Matanuska field will not now bear snipment until the 
coals of the higher fuel value approach exhaustion. As there is be- 
lieved to be a very large amount of lignitic coal in this general prov- 
ince, it will be an important element of the ultimate fuel Tes&rwea of 
the Territory. 

ALASKA PENINSULA BBQION. 

The widely distributed coal of the Alaska Peninsula and adjacent 
islands is in part of Cretaceous and in part of Tertiary (Eocene) age. 
It is chiefly lignite, but some good bituminous coals occur in tnis 
fielcj. The roc& in which the coal beds occur are gently folded and 
locally, at least, considerably faulted. The total area of the coal 
fields of this province is estimated at 980 square miles, while that 
known to be underlain by coal is 61 square miles. Ab6ut one-half 
of the coal-bearing area and about one-third of the probable coal 
field is lignitic, the balance varying from subbituminous to bitmninous 
in quality. Coal has been mined in this field at Chignik and Heren- 
deen bays and on tiie island of Unga for local use, but the total out- 
put has been only a few thousand tons. These coal fields are all 
readily accessible from good harbors and will form one of the early 
available fuel assets of the Territory when the demand for coals of 
this grade warrants their exploitation. 

YUKON REGION. 

The coals of the Yukon, including bituminous and subbituminous. 
together with a large amount of lignite, are for the most part or 
Tertiary (Eocene?) age. Some of tne bituminous may, however, be 
of Upper Cretaceous age. The Tertiary lignitic coal oeds typically 
occur in association with conglomerates, sandstones, and shales, usually 
only little deformed, but sometimes profoundly folded and faulted. 
The bituminous coals, which are confined to the lower Yukon, occur 
with finer sediments, which have been gently folded and somewhat 
faulted. 

The lignitic coal beds occur up to 20 feet in thickne^, the bitumi- 
nous in beds from 2 to 3 feet These comparatively thin seams have 
not encouraged exploitation, in spite of the high price of mineral 
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fuel in this central region, but a small production has been made for 
the use of the Yukon Kiver steamers. 

Coal-bearing beds are so widely distributed in the Yukon region 
that it will not be feasible to give an account of all the occurrences. 
The three largest fields are (1) Nulato region, (2) Nenana region of 
the lower Xanana Valley, (3) Washington and Coal Creek belt of 
the upper Yukon. Of these the Nulato field contains the best coal, 
while the Nenana is the most extensive and has the thickest beds. 
The total area known to be underlain by coal in the entire region is 
264 square miles, while the coal fields may embrace 2,000 square miles 
or more. 

These Yukon coals will have a high value for local use when the 
scant supply of accessible timber has been exhausted. There is a 
constantly increasing demand for power in the placer districts, and 
this can be met only by developing the water powers, which are 
not extensive, or by utilizing the coals. The low luel values and the 
diflSculties of transportation of these coals will probably lead to their 
local transformation into electric power, to he transmitted to the 
mining camps. The location of some of the lignite fields with 
reference to the placer fields is well suited for this purpose. 

That a large amount of lignite in Excess of any future local de- 
mand that can now be foreseen occurs in the Yukon region can not 
be denied. So far as exportation is concerned, it is certain that the 
low fuel value of these coals and their inaccessibility will lead to 
their conservation until the fuel supply of other regions approaches 
exhaustion. 

SEWABD PENINSULA. 

The known coal-bearing areas of Seward Peninsula do not ex- 
ceed a few square miles, and the quality of the coal is of a low grade. 
This coal, however, is worthy of mention, because it can probably be 
locally utilized to furnish power for mining purposes, and hence con- 
serve the higher-grade coals which are now being brought in from 
outside sources. This appears to be a good example of the way a 
local supply of lignite may reduce the consumption of higher grade 
fuels. Its success will depend on the development of economical means 
of utilization of these low-grade fuels, so as to bring them within 
the sphere of commercial practice and permit their substitution for 
higher-grade fuels transported from a distance. 

NOBTHEBN ALASKA. 

Geographically, the known coal fields of northern Alaska fall into 
three groups: (1) Cape Lisburne, (2) the Colville Valley, (3) Wain- 
wright Inlet. Coal has also been reported to occur lietween these 
areas, as well as east of the Colville River. The Cape Lisburne field 
includes the Corwin and Cape Beaufort districts. 

Three coal-bearing formations are recognized in this northern 
field: (1) lower Carboniferous (Lisburne formation), made up 
of slates, shales, and limestones, with some high-grade bituminous 
coals, and having a thickness of 600+ feet; (2) Jurassic (Corwin 
formation), including at least 15,000 feet of shales, sandstones, and 
conglomerates and containing a large number of subbituminous coal 
beds; (3) Tertiary (Kenai K)rmation?), made upof conglomerates, 
sandstones, and shales, with lignitic coal seams. The two lower for- 
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mations are considerably folded, but the Tertiary beds are, as a rule, 
only little disturbed. 

The total area known to be underlain by coal aggregates 302 square 
miles, while the coal fields, roughly outlined from the data in hand, 
include some 3,000 square miles. The scant evidence at hand points 
to the conclusion that a survey of this northern region will show 
very large coal fields in this part of Alaska. 

A little mining of coal for local use has been done in the bitu- 
minous field near Cape Lisburne and in the li^itic field of Wain- 
wright Inlet, but the region as a whole is practically untouched. It 
is certain that there will be no extensive mining in this northern field 
for a generation or two to come. These coals are too inaccessible to 
invite exploration, either under the present demands or any that can 
now be foreseen. 

THE COAL RESERVES. 
INTBODUCTION. 

It will be evident from the facts presented that there are few data 
on which even an approximate idea of the available tonnage of Alas- 
kan coal can be based. Of the 1,238 square miles believed to be under- 
lain by coal, less than one-quarter has been surveved in sufficient 
detail to yield any quantitative data whatever. Even where such 
surveys have been made, a large factor of uncertainty is introduced 
either by the folded and faulted condition of the coal beds, which 
exists in some fields, or by the lack of definite knowledge of the con- 
tinuity of the coal beds in others. There must, therefore, be a very 
large element of uncertainty in the tonnage estimates of the 300 to 
400 square miles of surveyed coal fields. Moreover, in Alaska thei-e 
are practically no available data from private sources, such as the 
results of extensive mining or prospecting operations, which have 
formed an important element in the estimates made of the mineral 
resources in the States. 

The estimates of tonnage to follow were made on the following 
basis: 

1. No beds less than 3 feet thick were assumed to be workable or 
contributed to the tonnage. 

2. The depth of workability was assumed to be 3,000 feet in the 
case of the highest-grade coal (anthracite, semianthracite, semi- 
bituminous), 2,000 feet in case of the better bituminous and sub- 
bituminous coals, such as those on the lower Yukon and at Cape 
Lisburne and on the Matanuska River, and 1,000 feet in the case of the 
poorer subbituminous and all the lignites. 

3. The tonnage was computed bv the following formula: Ton- 
nage = area of oed to limit of workability (square miles) X thick- 
ness (inches) X sp. gr. X 72,600. 

4. The specific gravity was assumed to be 1.30 for lignite, 1.35 for 
bituminous, and 1.38 for the high-grade coals. 

5. Bering River field: A certain percentage of the coal-bearing 
rocks is shown by the average sections to consist of workable coal beds. 
This percentage of the computed bulk of rock to limit of workability 
gave the estimated tonnage. 

6. Nenana coal field: As for Bering River, with the necessary 
change for percentage of coal in rocks. 
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7. Matanuska coal field : Each bed was estimated separately accord- 
ing to its average thickness, len^h, according to a safe assumption of 
continuity, and width on the dip to the limit of workable depth. 

8. Lisburne fields: The Corwin district was computed like the 
Matanuska, length of beds being assumed to be the distance from the 
shore to the edge of the area colored on Collier's map. The Beaufort 
district was assumed to have one-half the tonnage per square mile of 
the Corwin district. 

9. Yukon field: Each bed figured as in Matanuska, but the beds 
were not assumed to extend in any case more than 1 mile in each 
direction from the mine or prospect where they had been exposed, 
except in the Washington- Bonanza district, where a continuity of 50 
miles on the strike was assumed. 

10. Cook Inlet field: Computed as for the Matanuska. 

All the other fields were estimated on the basis of a most conserva- 
tive estimate of thickness of coal underlying the field and an area be- 
lieved to be a safe minimum. Neither in this case nor in any of the 
others was the coal assumed to go beyond where we have reliable 
information from members of the Survey concerning it. The areas 
used in making the last class of estimates are consequently very small 
and are subject to a possible immense extension in the light of sub- 
sequent work. 

Estimate of tQnnage and areas, Alaska coal fields. 





Tonnage. 


Areas be- 
lieved to be 
underlain 
byooaL 


Supposed 

areas of 

coal fields. 


Ajithracite. Pacific coast 


Shcrt torn. 
1,611,700,000 
517,100,000 


Sq. miUs. 

25.8 

7.2 


8q, mOes. 


Soml&nthraoitc, Padflc coast 








Semibitaminoas: 

Pacific coast 


1,425.800,000 
66,800,000 


35.8 
14.2 




Arctic slope 








Total afimibltitniinous 


1,402,600,000 
3,621,400,000 


50.0 
83.0 




Total high-grade 


620 






Bituminous: 

Pacific coast 


2,600,000 
16,900,000 


2.0 
162.0 


900 


Interior region 


2,475 




Total bftiimlnous T , , , 


18,500,000 


164.0 


3,375 






Sobbituminous: 

Paific coast 


535,500,000 

69,200,000 

3,465,600,000 


49.7 

6.0 

205.0 


657 


Interior region 


15 


Aroctio slope 


1,323 






Total subbituniinous 


4,060,300,000 


260.7 


1,005 






Lignite: 

Pacific coast 


2,173,100,000 
4,228,000,000 
1,003,200,000 


337.0 
264.5 
03.0 


2,938 


Interior region 


2,003 


Arctic slope '. 


1,736 






Total lignite 


7,404,300,000 


094.5 


6,677 






SummaiT by provinces: 


6,265,800,000 
4,303,100,000 
4,535,600,000 


467.6 
432.5 
312.2 


5,115 


Interior region 


4,493 


Arctic slope 


3,059 






Orand total 


15,104,500,000 


1,202.2 


12,667 
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The incompleteness of these fibres can best be illustrated by some 
examples. The Bering River field may be extended into the moun- 
tains and have many times its present known area. If the entire 
eastern and western extensions of the Matanuska Valley are under- 
lain by coal beds, as may be the case, it will increase the tonnage 
of this field many times that used in the present estimate. In the 
Cook Inlet and Susitna regions the estimates for tonnage are based 
on a coal field of 30 to 40 square miles. As a matter of fact, it is 
not improbable that the whole Cook Inlet-Susitna depression may 
be underlain by coal-bearing rocks at no depth prohibitive of mining. 
If this is the case, this coal field might embrace 10,000 to 20,000 
square miles. 

In view of these facts, it is perhaps conservative to multiply the 
above figures by 10 or even by 100 to arrive at an approximation 
of the fuel reserves of this vast unexplored region. This is especially 
true of the lignite reserves, for there are known to be very extensive 
fields of low-grade coals in Alaska. 



PBODirC'riON AND CONSUMPTION. 



Though an attempt at mining coal on Cook Inlet in 1854 by the 
Russians was the first mining undertaken in the Territory^ yet the 
total output up to the present time has been very small, as indicated 
in the following table. In 1907 there were four productive coal mines 
in Alaska. 

Production of coal in Alaska, 1888-19(n. 



Yew. 


Short 
tons. 


Value. 


1 Year. 


Short 
tons. 


Value. 


1888-1896 a 


6,000 
2,000 
1,000 
1,200 
1,200 
1,900 
2,212 


184,000 
28,000 
14,000 
16,800 
16,800 
15,600 
19,048 


1903 


1,447 
1,C04 
3,774 
5,541 
10,139 


SO, 782 


1897 


1904 


7,225 
13,250 
17,974 
53,000 


1898 


1906 


1899 


1 1906 


1900 


1907 


1901 


, Total 


1902'.'.','.'....'.'......... 


37,507 


296,079 




1 



• The production for 1888-1896 Is estimated on the best data obtainable. That for the 
years subsequent to 1896 is based for the most part on data supplied by operators. 

The smallness of the output is chiefly due to two reasons : First, be- 
cause up to a decade ago, when the rapid advancement of the gold- 
mining industry began, the local demand for coal was very small, 
being confined to that of the canneries and shipping interests and the 
Treadwell mine, which could be supplied at low cost bv the fuels 
brought from Vancouver Island or Washington. Second, the exist- 
ence of extensive bodies of high-grade coal in Alaska, geographically 
situated so that it could be exported, has been generally known only 
for a few years. Since the discovery and surveys of the Controller 
Bay and Matanuska regions there has been much activity looking to 
the development of these two fields. As, however, the marketing of 
this coal requires the construction of 150 miles of railway in one field 
and 100 mdas of railway or 25 miles of railway and possibly an 
expensive breakwater in the other, the progress of exploitation is 
necessarily slow. Moreover, the uncertainty of obtaining title to 
coaj lands, which still exists, has made capitalists rather guarded in 
furnishing the money necessary for these enterprises. 
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Though the Territory has produced annually only a few thousand 
tons, the consumption of coal during the past decade has rapidly 
increased. The following table presents the available statistics re- 
garding consumption of mineral luels in Alaska : 

Shipments of coal and coke to Alaska, July 1, 1903, to June SO, 1907,^ 





Twelve months ending Jane 30— 




1904. 


1906. 


1906. 


1907. 




X^' 


Value.6 


tt??- 


Value.6 


liT" 


Value.6 


•ss^- 


Valae.^ 


DonifMfJn luithrncltB 


Long 
Umt, 




Limg 

urns. 

5 

42,246 

478 

10 

69,272 

........ 


S85 

187,362 

4,281 

148 

260,110 


i^. 




Long 
tons. 
476 
48,888 
S,lg 

64,029 
3,629 
11,646 

4,141 
2,960 


$7,090 


Donifsstio bltumliious 


41,704 
892 


$198,740 
2,261 


67,293 
346 
304 

41,481 


$266,047 

3,676 

1,886 

187,812 


270,661 


Domestic coke 


26,629 


ForalCTi anthracite 


216 




63,662 
1,609 


261,987 
4,308 


287,948 


AiistrAli&n bituminous 


8,687 


Jananeae bituminous 










33,789 


Foreign bltinninous, shipped via 
United States 


3,324 


23,901 


6,550 


29,673 


706 
7,628 


4,838 
38,189 


28,679 


Foraisii ooke •- .. .. ... 


14,795 














Total 


110,681 


486,186 


107,680 


481.667 


117,768 


800,848 


138.196 


677,384 







• Commerce of the noncontiguous territory of the United States, Bureau of Statistics, 
1904, 1905, 1906, 1907. 
*At port of shipment. 

Shipments of petroleum to Alaska,^ 



Period. 



Crude petroleum. 



Gallons. Barrels. Value. 



Naphthas. 



Gallons. Value, 



Six months ending- 
December, 1902. . 

June, 1903 

December, 1903. . 

June, 1904 

December, 1904.. 

June, 1906 

December, 1906. . 

June, 1906 

December, 1906. . 

June, 1907 

December, 1907. . 
June, 1906 



NX) 
NX) 

K)0 
100 
»30 
128 
160 
100 
00 
100 
»0 



500 
20,000 
24,000 
24,010 
24,001 
42,389 
22,263 
84,002 
30,000 
60,600 
166,166 
91,736 



$390 
28,000 
36,000 
36,823 
33,603 
50,204 
31,864 
20,400 
18,009 
86,360 
107,146 
56,482 



60,368 
210,147 

84,776 
231,668 
106,623 
499,196 
214,300 
361,681 
219,297 
364,210 
282,671 
509,969 



$12,186 
33,831 
18,054 
43,814 
23,904 
75,187 
34,734 
60,214 
40,480 
60,012 
60,833 
91,064 



• Monthly Summary of Commerce and Finance, Bureau of Statistics, 1902-1906. 



SUMMABY AND CONCT.USIONS. 



.The advancement of copper and gold mining, construction of 
railways, etc., will cause a constantly increasing consumption of coal. 
It would appear to be in accord with a policy of conservation of 
mineral fuels to meet this demand from the local supply. Every 
ton of coal or barrel of petroleum shipped to Alaska by steamer or 
i*ail entails a certain amount of fuel consumption for transportation. 
Moreover, this long carriage is commercially possible only for high- 
grade fuels, while for local consumption the large supply of lignites 
of lesser fuel value can be utilized. For example, many of the Alas- 
kan river steamers, now using California petroleum as fuel, could be 
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supplied by the local lignites. This would prevent a double waste: 
(1) The more valuable fuel is consumed instead of the more abundant 
lignite, and (2) as the petroleum is brought nearly 4,000 miles by 
steamer, fuel is used for its transportation. The utilizing of the 
coals in the Yukon region as a substitute for wood would also con- 
serve the scant supply of timber. 

Again, the use of the local coking coals for the reduction of the 
copper ores will effect a saving of mineral fuels. At present the 
copper ore is shipped a distance of 500 to 1,500 miles, while if it 
were smelted near its locality of production 70 to 90 per cent of the 
material could be left behind, with a corresponding saving of fuel 
used in transportation. Another saving would be brought about in 
the case of Alaska steamers now carrying coal from tfie southern 
ports for the round trip, if the local fuels were utilized for the re- 
turn journey. 

Discussion of the future utilization and conservation of Alaska's 
coal supply can best be made by considering separately the same 
three geographic provinces under which the coal fields have been 
described: (1) The Pacific slope, (2) the central regions, (3) the 
northern region. These will here be considered in the reverse order 
in which they have been given. 

The northern coal fields lie in a region tributary to the Arctic 
Ocean, which is locked in the ice for all but two or three months in 
the year. Some lie close to the seaboard ; others far inland. While 
little is known of the fuels of this region, all the fadts available 
point to the conclusion that this province contains very extensive 
coal fields. These mineral fuels are in a region where there are 

Sractically no industries and with little promise that any will be 
eveloped and the coals are unavailable until the more accessible min- 
eral fuel supply of the world approaches exhaustion. To bring them 
to a harbor open throughout the year would mean the construction of 
at least 1,000 miles of railway. Such a haulage, leaving out all other 
considerations, is of course prohibitive for any present fuel demand. 
Moreover, these coals are not needed, nor likely ever to be, for any 
local use, except some of those at Cape Lisburne, which may l>e 
utilized for local shipping, and some others which may be used bj 
the scant Eskimo population, now that the supply of driftwood is 
approaching exhaustion. 

The fuels of this northern region can, therefore, be regarded as 
conserved by the geographic conditions until future generations may 
have to draw upon them. They can consequently, for the most part, 
without injury to any existmg commercial interests and without 
retarding the development of the countrjr, be placed under such 
legislative provisions as will permit their utilization only under such 
restrictions as the future conditions of the mining industry shall 
demand. 

The coals of the central region are in part accessible to rivers navi- 
gable during the summer months and in part lie near the proposed 
railways from the Pacific to the Yukon. There also remains a con- 
siderable percentage but little more available to the present genera- 
tion than the fuels of the northern fields. These coals are chiefly 
lignitic in character and, under no demand which can now be fore- 
seen, could be utilized for export to other districts. To bring them 
to the States would require a railway haulage of 400 to 500 miles 
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and then transportation by steamer for 1,000 to 1,500 miles in 
addition. 

On the other hand, the development of these fields to supply the 
local demand will conserve (1) higher-grade fuels now imported 
from great distances and (2) local supply of timber. While little is 
known of the amount of coal available in this central province, there 
is every reason to believe that it is far beyond any local demand of 
the future. 

The conservation of the coal of the Pacific slope province is a 
more complex problem, both because of the hieh ^raae of some of 
the fuels and of their greater accessibility. While none has yet 
been exported, the great demand for the high-grade l3ituminous and 
anthracite coals, such as ai*e found in the Ck^ntroUer Bay and Mata- 
nuska regions along the Pacific coast, will lead to their exportation as 
soon as railways make them accessible. It is probable that the 
market for these coals will for a long time exceed the production, 
which will greatly stimulate mining activity once the transportation 
problem has been solved. When the coals are put on the market, 
they will probably curtail, if not entirely cut off, the demand for the 
lignitic and lower-grade bituminous coals which are so abundant in 
the Pacific coast province of Alaska. Therefore the production of 
the high-grade fuels will effectually conserve those of lesser fuel 
value £)r the present. Some of these low-grade fuels, however, are 
so accessible and so abundant that future demands and strong compe- 
tition may lead to wasteful methods of mining, provided they are all 
permitted to pass into unrestricted private ownership. 

The reserve of these anthracite and bituminous coals of the Pacific 
slope, while it can not now even be approximated, in all probability 
is ntr below that of the lignites. It seems probable that an extensive 
area of the high-grade fuels may be found among the high moun- 
tains and glaciers to the northeast of the present known limits of the 
Bering River field. If such be the case, this will be another locality 
where the geographic conditions will prevent mining until there is 
far more demand for the fuel than at present. In the Matanuska 
there is probably also a large quantity of coal under the Quaternary 
coating of gravel. Making allowances for future discoveries, how- 
ever^ tne high-grade fuel is not abundant, considering the demand 
for it. 

From the standpoint of conservation and economic utilization, the 

S^ssibility of intense competition between the coal of the Bering and 
atanuska fields and that of Puget Sound is the danger point m the 
prospective situation. If each field develops only to the extent of 
supplying the demand for the kind of coal which it best can furnish, 
then the immediate use of the coal will be legitimate and economical. 
But if the individual fields develop beyond the demand of their 
respective proper markets — if the Bering River field produces more 
than the needed supply for steamship, smithing, and local railway 
and smelting needs and of domestic anthracite, if the Matanuska 

Produces more than is needed for its local railways and smelters, for 
unker coal at its tidal terminus, and for shipment to the Pacific 
coast coke ovens, and if the coal from other fields invade these mar- 
kets — there is sure to be ruinous competition, which may lead to 
cutting prices with the sole object of destroying all competition and 
establishing a general monopoly. In such rumous competition as 
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has existed in some of the eastern fields the ooal fields will be robbed 
of the more cheaply minable coal at the cost of the destruction of 
larger amounts which will be left in the ground so crushed and 
buried that it can never be recovered, coke for distant shipment will 
be made bj wasteful processes at the mines instead of shipping the 
coal to points where both the coke and the by-products can oe used, 
coal will be coked which would better be used for other purposes, and 
the waste by consumption en route will be extended to tne Alaska 
coals. 

If these high-grade fuels, some of which make excellent coke, are 
not exploited, several conditions will probably be brought about: 

First. The west coast of the United States will probably continue 
to draw heavilv on the fuels of British Columbia, Australia, and 
Japan, and to the amount imported will conserve its own supply. 

Second. There will be an increasing demand for fuel oils, which, 
while it may not affect the production, will stimulate the search for 
new oil fielas. 

Third. The west coast will probably continue to rely on the East 
for its pig iron and steel, for in the absence of good che p coke — 
except as Alaska can supply it or the processes of coking coals are 
improved — the local supplies of iron ore will not be utilized, unless, 
possibly, by electrical methods of smelting. As a concomitant to this, 
the iron ore and coking coals of the East, which are of the most value 
to the nation, being nearest the centers oi the population, will be cor- 
respondingWdiminished. 

Fourth. What has been said of the relation these coals bear to the 
development of an iron industry on the Pacific coast is to a lesser 
extent true of copper smelting. W ithout the use of Alaska coke either 
the copper ores will be transported to British Columbia or Pug^ 
Sound or the coke will be brought to the copper deposits. In either 
case there is a loss in transportation. While it is true that these 
factors will affect the copper-mining industry and lead to the ex- 
ploitation of only the richer deposits, yet the past few years have 
shown that it is economically possible to bring either the coke to the 
copper or the copper to the coke. 

Fifth. Certain loss of fuel in transporting eastern coals to the 
west coast for certain purposes where their use is imperative will 
continue. This is, however, a small item, as the total tonnage of 
eastern coals to the West is insignificant. 

Sixth. There will be no local supply of high-grade coals on the 
west coast for the use of the navy. 

In considering the above facts it must be remembered that these 
Alaska bituminous and anthracite coal fields can be made accessible 
only by the expenditure of a very large amount of money. The 
millions of dollars necessary for the development of these fields will 
not be forthcoming unless provision be made by which a large ton- 
nage of coal will be made available. 

PEAT. 

Peat is found in nearly every part of Alaska except in the high 
ranges. The humidity of the Pacific coastal zone and the consequent 
luxuriant vegetation favors the accumulation of peat. Southeastern 
Alaska is heavily forested and often has dense growth of underbrush 
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with a flooring of moss. In southwestern Alaska timber is entirely 
absent, but all the lowland and much of the upland regions are covered 
with moss, grass, and small shrubbery. The prevaiung humidity in 
both these districts favors the accumulation of vegetable refuse. 
Though there has been no prospecting for peat in this part of the 
Territory, deposits are known at least 15 to 20 feet in thickness and 
are believed to be of good quality. 

Central and northern Alaska have a much smaller precipitation. 
Here, however, the soil is nearly everywhere mantled by a dense 
blanket of moss and other vegetation. This is especially striking in 
the extensive timberless areas or tundras which lie along Bering Sea 
and the Arctic Ocean. In these two provinces the subsoil is usually 
frozen, which retains the waters at the surface. The moss, except in 
excessively drjr weather, is usually saturated with water. All these 
conditions, which promote vegetable growth and retard evaporation 
and oxidation, are favorable to the formation of peat. As a matter 
of fact, there is nearly everywhere a layer of peaty material under- 
neath the soil. In some natural exposures peat deposits have been 
observed in these provinces having a depth of 30 to 40 feet. While 
the widespread surface layer of peat is of an inferior quality, some 
of the deeper-lying beds are probably of high grade. There are no 
data whatever at hand to estimate the available supply of peat. As, 
however, it is found in every part of the Territory and on the ^at 
tundras of the north, occupying at least a (juarter of the Territory 
and comprising layers of gi'eater or less thickness^ the supply must 
be enormous and possibly exceeds that of the entire United States. 

In the presence of more easily available fuel there has been no 
occasion to utilize any of the peat beds, so practically nothing is 
known of their fuel value, extent, or thickness, except what has been 
stated. Probably the only place in Alaska where this mineral fuel 
has been exploited is a peat bed saturated with petroleum residue, 
near CJold Bay, on the Alaska Peninsula, where the material has 
been used for luel at the neighboring oil drills. Here, however, it is 
the petroleum residue rather than the peat which gives the deposit its 
chier value. 

The peat deposits have at present no value, since lignitic and 
better-grade coals are too widely distributed to encourage the use 
of a less available fuel. The time appears also very remote when 
these peat deposits (except at localities where coal is absent) will 
be utilized. Certainly recourse to the peat will take place only when 
the more valuable mineral fuels are not obtainable. 

PETBOLEXnC. 

[By G. C. Mabtin.] 

Petroleum may exist in the rocks at many places in Alaska, but at 
only four localities are the known indications sufficient to justify 
drilling. Wells have been drilled at three of these localities, but 
petroleum has been obtained in quantity at only one of them. In all 
of these the petroleum is of the high-grade variety, suitable for refin- 
ing, like that from Pennsylvania. These four will be briefly de- 
scribed. 

The Katalla field is situated near the mouth of Copper River, in 
latitude 60** north, longitude 144® west, or about 1,250 miles north- 
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west of Seattle and 400 miles northwest of Sitka. The rocks in this 
field consist of Tertiary shale, sandstone, and conglomerate. The 
structure is complex, the rocks being steeply and intricately folded 
and cut by faults. These conditions would raise doubt concerning 
the existence of bodies of oil if it were not for the abundant seepages 
and the presence of oil in the wells. As it is, they increase the cost 
and other difficulties of drilling and make it entirely impossible to 
estimate the area of the probable oil-producing territory. 

Sixteen wells have been drilled in the KataUa field. The result has 
been a moderate production of oil from one well and the demonstra- 
tion of smaller Quantities in three others. As only a small part of the 
area in which tne presence of seepages suggests an oil field has been 
drilled, the proof of the existence of any considerable volume of oil is 
yet to be made. 

The Cook Inlet oil fields are about 320 miles west of Controller Bay 
on the middle part of the west shore of Cook Inlet. Seepages are here 
numerous and prolific, but though several wells have been milled, none 
has yet proved successful. This field is in an area of Jurassic rocks 
which are chiefly shales and sandstones. The folding is much more 
moderate than at Controller Baj^, but many faults are present. The 
relation of the occurrence of oil to the geologic conditions has not 
been discovered, and hence the areas of possible oil-producing terri" 
tory are entirely problematical. 

At Cold Bay, on the Alaska Peninsula, 160 miles southwest of the 
Cook Inlet fielids, there are many large seepages and several wells have 
been drilled, none of which has produced more than traces of oil. 
Here, as in the Cook Inlet field, the rocks are chiefly Jurassic shales 
and sandstones. The structural conditions are not unlike those on 
Cook Inlet. 

Near Cape Yakataga, 75 miles east of Controller Bay, many large 
seepages are reported, but owing to the unaccessibility of the region no 
drilling has been attempted. These seepages are located on Miocene 
shale and sandstone which are steeply folded. 

Summarizing, it may be said that the occurrence of oil is sug- 
gested under considerable areas in Alaska, but the presence of profit- 
able oil pools has yet to be shown. The low price of oil on the Pacific 
coast and the high cost of drilling in Alaska make any attempt to 
develop the possible Alaska fields at present an miattractive propo- 
sition. 

All considerations point to the desirability of conserving the 
Alaska fields until the decline of the California and Mid-Continent 
fields. \Vhen Alaska oil is utilized it should be for refining, and the 
burning of crude Alaska oil should be discouraged. 

IBON OBES. 

ITiere being now practically no demand for iron ores on the west 
coast, such ores have not been sought for in Alaska. The only iron 
which has been found is that discovered incidentallv in prospecting 
for other minerals, and thus far this has been chiefly magnetite, oc- 
curring at only a few localities along the Pacific seaboard. The fol- 
lowing note on these deposits has been prepared by C. W. Wright: 

Magnetite is the only iron ore that has been found in southeastern Alaska in 
commercial quantities. This ore occurs in large bodies, forming contact de- 
posits along the contacts of diorite and limestone on Prince of Wales Island* 
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where it is associated with the copper deposits^ and occurring as magmatic 
segregations associated with basic intrusive rocks at several points along the 
mainland const. 

At the copi)er mines of Prince of Wales Island a considerable tonnage of 
magnetite carrying from one-half to li per cent of copper has been developed 
whicti can not be profitably mined as a copper ore. However, if there were a 
market for the iron in these ores, the copper could be readily separated me- 
chanically and the deposits mined with profit. The surface showings of magne- 
tite in this copi)er district are very large, and the estimated tonnage, with a 
depth of only 30 feet, is about 3,000,000 tons of magnetite. There is, of course, 
a much greater amount of possible ore, concerning the extent of which almost 
nothing is known. These ores for the most part contain practically no phos- 
phorus or detrimental impurities, and may be classed as Bessemer ore. 

Explorations have been begun to develop magnetite deposits near Haines, 
on the mainland coast of Lynn Canal, but little is known as yet of their extent 
or the character of the ores. 

U. S. Grant, in his study of the copper deposits of Prince William 
Sound, noted some hematite ores, but could not determine whether 
the ore was present in commercially valuable deposits. He also re- 
ports the occurrence of magnetite associated with pyrrhotite on 
I^rince William Sound and with chalcopvrite near Seward, on the 
Kenai Peninsula. His investigations, on the whole, do not encourage 
the idea of the presence of workable iron ores in this district. 

In the Iliamna Lake region there are some copper deposits which 
from accounts, appear to be of similar origin to those of Prince of 
Wales Island. With these is said to be associated a large amount 
of magnetite. So far as known, iron-ore bodies have been found at 
only one place in the interior. At this locality, which is near the 
head of the Nabesna River, there is a 2i-foot vein of magnetite which 
occurs in a limestone near the contact with an intrusive. 

The conditions of occurrence of both types of southeastern Alaska 
mametite deposits probably repeat themselves along other parts of 
thelPacific coast line, so that there is a probability that similar bodies 
of iron ore occur elsewhere. Though tne evidence is very scant, it is 
not impossible that Alaska may have important iron-ore reserves. 

GOLD. 
INTRODUCTION. 

Mr. Lindgren's general report on precious-metal resources of the 
United States, contained in tnis volume, emphasizes the fact that no 
definite statement of the gold reserves is possible. If this be true of 
the United States, it is far more so of a little-known re^on like 
Alaska, where the auriferous deposits have been found in widely dis- 
tributed districts, usually separated by extensive areas, often but 
little prospected, sometimes almost unexplored. Moreover, except in 
southeastern Alaska, the auriferous deposits thus far developed are 
primarily those of the alluvium, and there has been little search for 
lodes. Therefore, in most of the gold-placer districts the possibili- 
ties of developing an auriferous lode-mining industry are almost 
unknown. 

Geologic survey and investigation, when executed with sufficient 
thoroughness, lead to definite results concerning the distribution and 
occurrence or auriferous deposits. If a region has been mapped in 
detail, the geologist can outline with a fair degree of certainty those 
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areas worth prospecting for gold. Such investigations, however, can 
be interpreted quantitatively only to a very limited degree in refer- 
ence to placers and are practically worthless for the purpose of fore- 
casting the gold content and reserves of undeveloped lode deposits. 

The actual valuation of developed lode deposits can, of course, be 
carried only to the limits of the mine workings, which permit the 
blocking out and sampling of the ore bodies. Such an investigation 
can be made only at great cost and is properly the function of the 
mine owner and not the federal geologist. 

Placer deposits, whose values are far more regular of distribution, 
admit of a rough valuation by the geologist ; but even in the case or 
placers the quantitative determination of gold contents in any given 
body of gravel can be arrived at accurately only by extensive excava- 
tions are drilling, and by sampling. This also is evidently the func- 
tion of the mine owner and not of the federal geologist. Most 
Alaska placer miners have done so little careful prospecting of their 
properties as to make their statements in regard to metal contents of 
but little service in estimating the placer gold reserves. Such data 
as are available have been carefully compiled by the Geological Sur- 
vey, but while they may have value in forecasting the direction of 
future mining development, they are far too inexact and incomplete 
to admit of more than a bold guess at the gold reserves. Any esti- 
mate made at the present time can not take into account the latent 
possibilities of the hundreds of creeks which, though unprospected, 
are believed to lie within the gold-bearing area. 

In the following account emphasis will be laid on the subject of 
general distribution and occurrence of the auriferous deposits, be- 
cause it is believed that such data form the most important element 
in the valuation of these deposits. Given this information, together 
with a statement of past production, the technician at least is aole to 
draw his own conclusions. 

GEOLOGIC AND GEOGRAPHIC OISTRmUTION. 

The known gold deposits of Alaska can be grouped into three 
general types: (1) Gold occurs near the contacts between granitic 
or other igneous intrusions and altered sediments. (2) It occurs 
in metamorphic schists. (3) It occurs in association with Mesozoic 
or Tertiary volcanics. Nearly all of the auriferous lodes which have 
thus far been productive are of the first type, while the second ap- 
pears to be typical of most of the important placer districts. Ex- 
amples of the third type have been so far limited to only a few locali- 
ties. There is some evidence to indicate that the source of the gold 
of the placers occurring in areas of schistose rocks may be in veins 
which bear a ^netic relation to, as well as a close association with, 
igneous intrusives. If this proves to be generally the case, it may be 
found that the deposits assigned to the first two groups may be prac- 
tically identical in origin. 

Most of the auriferous deposits occur in rocks which have been 
more or less highly altered, but the metamorphism in the placer dis- 
tricts has usually been more pronounced than in lode districts. There 
are no considerable areas of metamorphic rocks known in Alaska 
which are not locally more or less auriferous, so that the distribution 
of these rocks is one of vital importance to this discussion. The 
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metamorphic terranes vary in age from Cambrian or pre-Cambrian 
to Carboniferous and possibly Triassic. There are also some altered 
Cretaceous beds which are locally auriferous. While in Alaska their 
geologic ace has little direct bearing on the question of the distribu- 
tion of gold, yet the most important cold fields now developed are 
in regions where the rocks belong chiefly to lower Paleozoic or older 
terranes. 

Three considerable belts of metamorphic rocks traverse the Terri- 
tory. One of these skirts the Pacific seaboard, embracing the aurifer- 
ous lode and placer districts of southeastern Alaska (see map. PI. I), 
tiie Prince William Sound copper district, and some small gold- 
bearing areas lying in between. Its southwestward extension is 
found in the Kenai Peninsula and on Kodiak Island, where it in- 
cludes some placer and lode deposits. 

A second belt stretches southwest from the international boundary, 
near the famous Klondike district, and includes the Fortymile, Birch 
Creek, Fairbanks, and other gold placer-bearing areas. Its extension 
is probably to be sought in the little-explored region lying between 
the lower Yukon and the Kuskokwim, and may include ttie newly 
discovered placers of the Inndko Vallej. 

The third belt lies north of the main Yukon Valley, includes the 
gold placers of the Chandalar, Koyukuk, and Kobuk districts, and 
may nnd its continuation in the auriferous metamorphic rocks of 
Seward Peninsula. 

In addition to these broad belts thus defined, there are some smaller 
areas in which gold has been found, such as those of the Nizina, of 
the Chistochina, of the Yentna, of the Bonnifield, and of the 
Kantishna districts. These, with others, which will not be enumer- 
ated, have yielded some placer gold. 



SOUTHEBN ALASKA. 



The auriferous deposits of southeastern Alaska have been investi- 
gated by C. W. and F. E. Wright and A. C. Spencer, from whose 
reports the following data are drawn: This province is the one in 
which the close association of the metalliferous lodes with the intru- 
sives is most strongly marked, and where this relation was first 
worked out. It appears that the strongest mineralization lies close to 
the western margin of the great intrusive masses of the Coast Range. 
Similar intrusives are, however, widely distributed in isolated stoclcs 
throughout the coastal region of this part of the Territory and its 
adjacent islands, and these, too, have been found to be mineralized at 
a number of localities. As there are hundreds of miles of these con- 
tacts, and as but few of them have been carefully prospected, the 
chances of finding additional auriferous lodes appear to be good. At 
the same time it 3iould.be noted that the mere fact of mineralization 
does not imply the existence of valuable deposits, and that, in spite 
of the fact that this part of Alaska has been the scene of active min- 
ing for nearly thirty years, only the Juneau district has furnished 
any considerable gold output, and this has chiefly come from the three 
mines of the Treadwell group. In the Ketchikan district, embracing 
the southern part of southeastern Alaska, there has been some ex- 
ploitation of auriferous lodes. Though some of these have carried 
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high values, they are all comparatively small, and many have proved 
not very persistent. 

The value of the total gold output of southeastern Alaska from 
1880, when mining first began, to the close of 1907, was nearly 
$40,000,000, which nas come chiefly from the lodes. Its future as a 
gold i)roducer is promising, yet, excepting the few developed mines, 
there is but a small tonnage of ore in sight. With the densely for- 
ested conditions that prevail, the search for ore bodies has been much 
impeded, and in spite of its accessibility the region can not be said to 
have been carefully prospected. There is ttierefore little on which to 
base predictions of future production, except the geologic conditions 
which are favorable to the discovery of new ore bcxiies. The deepest 
workings (1,600 feet in the Treadwell mine) indicate a persistence 
of gold content in deposits of this type which is encouraging. 

ST. ELIAS RANGE. 

Auriferous sands whose materials have been derived from the 
metamorphic rocks of the St. Elias Range have been found and 
mined in a small way at a number of locauties. These and what is 
known of the rocks of this range suggest that here may be a locus of 
future gold mining, but the facts at hand do not permit a definite 
statement. 

KENAI PENINSULA AND KODIAK ISLAND. 

Auriferous gravels have long been known to occur on the Kenai 
Peninsula. In fact, it was here that the Russian mining engineer 
Doroshin foimd the first placer gold (1884) known in Alaska. The 
placers of the northern part of the Kenai Peninsula have been produc- 
tive since 1895, with an aggregate output valued at about $2,000,000. 
For several years, however, the production has fallen off, and it ap- 
pears that the richest of the Imown gravels have been exhaiisted, 
though there are extensive bodies of alluvium carrying low values. 
The gold has been derived from metamorphic rocks, and intrusives 
appear to be absent. The same geologic conditions appear to prevail 
throughout the eastern part of the peninsula, and other discoveries 
may be made. Both in the Kenai Peninsula and on Kodiak Island, 
which lie in the same general geologic province, some auriferous lodes 
have been found. The accessibility of this region would permit the 
mining of low-grade ores, so that there is a possibility of a gold 
production from this district even after the placers nave become 
exhausted. 

SUSITNA BASIN AND ALASKA BANGE. 

Auriferous gravels are widely distributed in the Susitna basin and 
have been foimd on both flanks of the Alaska Range. It is only 
within a few years that workable placers have been found, and the 
entire production does not exceed a few hundred thousand dollars in 
value. The geologic conditions in the Alaska Range are in some 
respects very similar to those of southeastern Alaska and are there- 
fore favorable for the occurrence of auriferous deposits. In view 
of the unexplored condition of much of this field, it is useless to at- 
tempt any forecast of its future from the mining standpoint. 
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OOPPEB BITEB BASIN. 



There are two widely separated auriferous areas in the CJopper 
River basin. The northern area lies on the south flank of the Alaska 
Range, and the southern area is a western extension of the St EUas 
Mountains What has been said of the future of mining in these 
ranges applies to these districts excepting that there has been some 
^old output from these^ and they will imdoubtedly continue to pro- 
duce, as systematic mining has hardly commenced. 

ALASKA PENINSULA AND ADJACENT ISLANDS. 

The Alaska Peninsula region furnishes the only developed example 
of the third type of auri&rous deposits, namely, an occurrence in 
volcanic rocks. This is at the Apollo mine, which has made a con- 
siderable production. Recent information leads to the opinion that 
there are other similar types of deposit in this general region. If 
such prove to be the case, this district may also swell the gold pro- 
duction, though at present its entire annual outout is confined to a 
few thousand dollars taken from beach placers and a small production 
from lode deposits. 

YUKON BASIN. 

Mining was begun in the Alaska Yukon about 1887, when the 
Fortymile placers were discovered, but the total production up to 
the time of the discovery of the Fairbanks placers in 1901 was less 
than $6,000,000 in value, whereas the production for 1901 to 1907, in- 
clusive, is valued at nearly $30,000,000. 

The best known and probablv most valuable of the placers of the 
Yukon basin lie in the so-called " Yukon-Tanana region," embracing 
an area of some 40,000 square miles between the two rivers, of which 
about half falls in what may be designated as the " auriferous zone." 
Within this province lie the Fortymile, Birch Creek, Fairbanks, 
Rampart, and Hot Springs districts, as well as some smaller ones, all 
of which have produced placer gold. 

This province is the best example of gold occurring in metamorphic 
schists, but some of its auriferous deposits appear to be intimately 
associated with intrusive rocks. So far as known, the geolo^c con- 
ditions which prevail in the developed placer districts persist over 
much of this field. Certain it is that auriferous mineralization is 
widely distributed, for fine particles of gold occur nearly everywhere 
in the alluvium. Much of the Yukon-Tanana region is so inaccessi- 
ble as not to attract the large operator. While the bonanza himter 
has hurriedly traversed most of ttiis region, the scarcity of bed-rock 
exposures and other conditions adverse to prospecting prevent sudi 
hasty investigations from yielding definite results as to the presence 
of gold deposits. Even in the b^t-known and most accessible parts 
of the r^on new discoveries of placers are constantlv being made. 
All these facts indicate that this may be one of the largest placer- 
gold reserves of the Territory. 

The data bearing on the gold contents of the gravels Icnown to 
carry values have oeen carefully assembled by L. M. Prindle and 
F. JL Katz, and these indicate a reserve of about $100,000,000 in value 
for the ground which has been more or less prospected. This is cer- 
tainly a conservative estimate, for it takes into account only the 
72639— S. Doc. 676, 60-2. vol 8 38 
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auriferous gravels which can probablv be mined under the present 
conditions, or those ttiat will prevail during the next few years, and 
does not make any allowance for the large unprospected areas. 

A belt of schists l^ng north of the Yufon, extending from Chanda- 
lar Valley into the Koyukuk Valley, has been foimd to be auriferous. 
Mining has been going on in the latter district since 1899, with a pro- 
duction of probably over a million dollars in value. This field is one 
of very high cost m mining, and there are probably more extensive 
deposits with a smaller gold tenor ttian those now exploited. The 
Chandalar district has made but a small production, mining having 
been begun in 1906. 

Placer gold has been found at several places in the lower Yukon 
basin, notably on the Melozikakat, on Kuby Creek, and on the Innoko. 
Too little is known of the character or extent of these deposits to per- 
mit any statement as to their future importance. They prove, how- 
ever, a wide distribution of the auriferous deposits and maicate possi- 
bilities in the way of future discoveries. 

Nowhere in the Yukon basin has there been any lode mining, and 
systematic prospecting for auriferous veins has hardly been inaugu- 
rated. As a rule, the mineralization in the schists appears to be dis- 
seminated rather than concentrated, but there are exceptions to this 
rule. Some lode deposits have been found which, in a more accessi- 
ble region, could prooably be profitably exploited. The subject of the 
future of lode mining in this neld does not admit of solution from the 
data in hand. 

0EWARD PENII7BULA. 

Placer mining was begun on Seward Peninsula in 1897, but it 
was not until 1899 that the annual gold production exceeded $100,000 
in value. The total output of cold up to the close of 1907 was over 
$44,000,000 in value. Practically all of this cold was taken from the 

Slacers, for only one small lode mine has made anv considerable pro- 
uction, though a few tons of ore have been taken from several others. 
The auriferous deposits of the peninsula can be roughly outlined as 
occurring in two general belts. One, about 40 miles wide, stretches a 
little north of east and skirts the southern shore line of the peninsula, 
embracing the gold placers of Nome, Solomon, and Council. This 
belt has teen traced about 120 miles. The second belt stretches from 
the neighborhood of Port Clarence to Kotzebue Sound, a distance of 
about 140 miles, with a width of about 40 miles. In this belt are in- 
cluded the auriferous gravels of Teller, Kougarok, Inmachuk, and 
Kiwalik. As outlined, these belts embrace an area of about 10,000 
square miles. In addition to these areas, evidence of mineralization 
has been found in the extreme western part of the peninsula, which in- 
cludes the cassiterite, galena, and other ores of the York region. 

In describing the geographic distribution of the mineral deposits 
of the peninsula, it is not intended to imply that there is any great 
regularity in their occurrence. As a matter of fact, the distribution 
of the valuable minerals within these zones is very irregular. The 
placer gold seems to have been derived, for the most part, from 
contact zones between massive limestones and various types of schists. 
P. S. Smith's recent investigations show that other forms of aurifer- 
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ous deposits are those found in black siliceous slates and those in 
chloritic schists. Other types of mineral occurrence are those of 
cassiterite, galena, and other ores which are found in association with 
granitic intrusives near the western end of the peninsula and which 
nave recently been described by Adolph Knopf. 

While the types of mineral occurrence might be multiplied, for 
they include copper, antimony, tungsten, and other ores, what has 
been stated is sufficient to show that there is great variety in the form 
of mineralization. It also indicates that, in spite of the fact that 
there is now but little lode mining there is sufficient ground to believe 
that sudi an industry may be developed as to make it necessary to 
take it into accoimt in estimating the gold reserves. 

Though the Seward Pwiinsula auriferous gravels have been far 
more prospected than those of the Yukon-Tanana region, yet quanti- 
tative data of their gold contents are exceedingly scant. These data, 
however, were carefully compiled some years ago, and deductions 
made from them regarding the placer-gold reserves. Estimates were 
made by two different methods. By one the gold contents of aurifer- 
ous gravels was valued at $265,000,000; by the other, $325,000,000. 
It can not be too often repeated that such computations are no more 
than mere approximations, for they are based on certain assumptions 
as to the gola tenor of the gravels, etc., which do not now admit of 
proof. These reserves appear to be two or three times as large as 
those estimated for the Yukon-Tanana region. This is due to the 
fact that in Seward Peninsula the data seemed to justify an attempt 
at an estimate of gold tenor for the entire body of auriferous gravels, 
while in the Yukon-Tanana region the information at hand only 
warranted an estimate of the auriferous gravels of the productive 
areas. 

STATISTICS. 

The systematic collection of statistics of gold production for Alaska 
was begun only in 1905, and the distribution of the output previous 
to that year is only an approximation. In Hie preparation of the 
following table the best available data have been usea. In this table 
of production the Pacific coastal belt includes southeastern Alaska, 
the St Elias region, and the Alaska Peninsula and adjacent islands, 
while under Copper River and C!ook Inlet region are embraced the 
Kenai Peninsula and the Copper River and Susitna basins. The 
other geographical terms used in this table, Yukon basin and Seward 
Peninsula, need no definition. 
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Value of gold production of Alaska, with approximate distribution, 1880-1907. 



Year. 


Pacific 

coastal 

belt. 


Copper 
Riverand 
Cook Inlet 

region. 


Yukon 
basin. 


Seward 
Peninsula. 


TotaL 


1880 


ao,ooo 

40,000 
50,000 
00,000 
00,000 
75,000 
16,000 
46,000 
115,000 
flO,000 
12,000 
00,000 
70,000 
33,000 
82,000 
69,500 
41,000 
99,500 
82,000 
52,000 
06,000 
72,000 
40,600 
43,000 
95,800 
30,000 
54,794 
91,743 








$20,000 


J881 








40,000 


1882 








150,000 


1883 




XX) 

XX) 

XX) 

XX) 

XX) 

XX) 

XX) 

XX) 

XX) 

XX) 

XX) 

XX) 

KX) 

XX) 

XX) 

KX) 

KX) 

KX) 

KX) 

KX) 

1, KX) 

i; KX) 

6, KX) 

10, 100 

9, . 00 




301,000 


1884 






201,000 


1885 






390,000 


1888 






446,000 


1887 








1888 








1889 V 








1890 








1801 








18B2 








1803 








1894 








1895 


160,000 
120,000 
176,000 
150,000 
150,000 
160,000 
180,000 
375,000 
375,000 
500,000 
500,000 
332,000 
275,000 






1896 


* 'fi5,'666' 
75,000 
2,800,000 
4,750,000 
4,130,700 
4,561,800 
4,465,600 
4,164,600 
4,800,000 
7,503,000 
7,000,000 




1897 




1898 




1899 




1900 




1901 




1902 




1903 .. . 




1904 




1906 




1906 




1907 








Total 


40,311,937 


3,842,000 


34,964,000 


44,262,700 


122,036.237 







Of this about $37,000,000 must be credited to the lode production, 
which is nearly all included in the Pacific coastal belt or the above 
table. Up to the close of 1907 there was only pne productive aurif- 
erous lode mine in Seward Peninsula, and none either in the Yukon 
basin or in the Copper River and Cook Inlet region. The aurif- 
erous lode production, with the exception of that of the Apollo 
mine on Unga Island, southwestern Alaska, and a few small mines 
of the same general region, together with a small gold output from 
the copper deposits of Prince William Sound and from the auriferous 
lodes of Seward Peninsula, is all from southeastern Alaska. As 
the Treadwell group of mines has an output valued at $30,402,236, 
it will be seen that nearly five-sixths of the auriferous lode production 
is from this one ore body. 

Accurate data regarding the source of the gold have been available 
only since 1906. Tney are summarized in the following table: 

Bource of gold in Alaska, 1906-1907, in values. 



Kind of ore. 


1906. 


1907. 




$18,607,000 

3,348,943 

80,851 


$16,491,000 

2,764,885 

93 858 


Sllioeous ores 


Copper ores 





This table indicates that the placer production now overwhelmingly 
dominates in the total of gold output. This has, however, only been 
true since 1897, for previous to that time only about a third of the 
annual gold production was from the placers. 
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SUMMARY AND CONCLUSION. 



It has been shown that gold is very widely distributed in Alaska, 
both in lodes and in facers; also that the production of the lode 
mines, outside of the Treadwell group, is insignificant. This does 
not mean, however, that the outlooK for auriferous lode mining is not 
hopeful, lor this is far from being the case. Up to the present time 
the cost of mining, except along a part of the l^acific seaboard, has 
been practically prohibitive for a lode-mining industry which is not 
based purely on the exploitation of bonanzas. Even along the sea- 
board there has been little systematic search for lodes. Sfcst of the 
gold ores which have been found in the inland region have been of so 
low a grade as not to encourage their exploitation under present c(m- 
ditions of transportation. It will be clear, therefore, that there is no 
basis whatever lor a quantitative statement of the gold reserves in the 
lodes of the Territory. 

The known wide distribution of placer gold aucurs well for future 
discoveries of this type of deposit. Most of the districts where min- 
ing operations are now going on have been so little prospected that 
little IS known of their gold reserves. Some estimates, however, have 
been made for places-gold reserves of the Yukon-Tanana region and 
Seward Peninsula. Those of the first province were made to in- 
clude only the producing areas, while in Seward Pensinsula the 
bulk and value of the entire body of auriferous gravels was estimated. 
In the Yukon-Tanana region, which includes much the largest aurifer- 
ous area, the gold contents of the producing part of the field are 
approximately valued at $100,000,000, not including the very large 
unprospected areas, while the auriierous gravels of the entire Seward 
Peninsula are estimated to contain about $300,000,000. It can not be 
too strongly emphasized that though aU the data have been carefully 
compiled and the computations made with great care, yet there are 
so many unknown factors that the results are little more than guesses. 
No quantitative data of any kind are available for the other smaller 
districts, ten in number, but it is probably safe to estimate the gold in 
them as between $50,000,000 and $100,000,000. These values total 
about $500,000,000, which is the nearest approximation that can be 
given of the gold-placer reserves of the Territory. It is not impossi- 
ble, however, that the Yukon-Tanana region alone may carry this 
amount of gold. 

SILVEB, LEAD, AND ZINC. 

The silver production of Alaska has practically all been won inci- 
dentally to gold mining, and much the larger part of it has been 
recovered from the placer gold. There has afio been a small recovery 
from the copper ores. 

The total production of silver from 1880 to 1907, as nearly as can be 
determined, was 1.677,159 ounces, of which over three-quarters was 
from the placer gold. The following table shows the source of silver 
for the period that statistics have been available : 

Source of silver from Ala»ka, 1906-7. 



Kind of ore. 



Placers 

Siliceous ores, 
Copper ores.. 



1906. 



Ounces. 

76,835 
15,772 
18,577 



1«07. 



Ounces. 
49,847 
14,653 
34,367 
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There has been no lead production from Alaska, except a few tons 
recovered in the reduction of other ores. Galena is widely distrib- 
uted, and some promising ore bodies have been prospected, but 
nothing is known of their extent. Such galena deposits occur in 
southeastern Alaska, on Prince William Sound, and in Seward Penin- 
sula. Though attempts to exploit a galena ore body on Seward 
Peninsula date back to 1881 and have been continued intermittently 
to the present time and some small shipments have been made, this 
mine, caHed the Omalik, has never been on a commercial basis. The 
same statement applies to the mining of galena ores in other parts of 
the Territory. 

Zinc blende has been found at a number of localities in Alaska, 
but the value of the ore bodies remains to be proved. No attempt has 
been made to mine zinc ores. 

There are no data at hand on which to base any estimates of the 
reserves of the three metals here under consideration. With the 
increase of the gold output there will be a corresponding increase in 
the silver production. 

COPPEB. 

DISTRIBUTION AND OCCURRENCE. 

Copper ores are known to occur in commercial quantities on 
Prince of Wales Island (southeastern Alaska), Prince William 
Sound, and in the Chitina Valley of the Copper River district. They 
have also been found in a belt running from the Nabesna to the upper 
White River, in the Lake Iliamna region, and on the Seward and 
Kenai peninsulas. In these no ore bodies of proved commercial im- 
portance have been opened up, but the outlook for such in some 
localities appears hopeful. 

On Prince of Wales Island, according to C. W. Wright, the copper 
ores, which are sulphides, occur along the contact of mtrusives and 
limestones. U. S. Grant's description of the copi)er ores of Prince 
William Sound shows these to be sulphide ores which occur as lenses 
along shear zones. These shear zones are in greenstones or in contact 
zones between greenstones and graywackes. The Chitina belt, ac- 
cording to F. H. Moffit, includes Dotn native and sulphide copper de- 
posits. These occur at or close to a contact between a heavy green- 
stone faltered lava) and a limestone. This contact, along which 
mineralization seems fairly persistent though ore bodies of proved 
value have been exposed at only a few localities, has been traced for 
upward of a hundred miles. 

The Nabesna-White River copper belt is of a similar character to 
that of the Chitina Valley, though here the value of the ore bodies 
found remains to be proved by further development work. In the 
Iliamna Lake region copper ores are said to be similar in occurrence 
to those of southeastern Alaska. Little is known of the other copper- 
bearing localities of the Territory. 

STATISTICS. 

Copper mining was first attempted on Prince of Wales Island in 
1880, but the project was soon abandoned. The industry was begun 
again in 1900 in Prince William Sound, and five years later the 
Prince of Wales Island deposits also began producing. The total 
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output of copi)er from Alaska up to the close of 1907 was 20,843,352 
pounds, of which 12,368,975 pounds came from the Prince of Wales 
Island mines and the balance from Prince William Sound. 

SUMMARY. 

It is impossible to make any estimate of the tonnage of copper-ore 
reserves of the Territory. The developed ore bodies have b^n com- 
puted in a few mines by the operators, but even if these figures were 
available they would have little bearing on the problem of the ulti- 
mate reserves. Less Uian a score of copper mines have been opened 
up in Alaska, and all but one of these are located in two districts. 
In one promising district there has been only a little surface pros- 
pecting and this also holds true of the several widely distributed 
copper deposits which are not included in the four best-known dis- 
tricts. Even in the largest mines the workings in few cases extend 
to a depth of more than one or two hundreS feet. It is evident, 
therefore, that the ore blocked out in the mines, whose copper con- 
tent is probably less tiian 200,000,000 pounds of metal, has little 
bearing on the question of ultimate reserves, for it would not take 
into account either the undeveloped ore bodies already found or the 
possibilities of discoveries in the little-prospected fields. Moreover, 
any estimate of tonnage could include only the ores which can be 
mined at the present price of copper, while an increase of this price 
would make available lower-ffrade ores which can not now be com- 
mercially exploited. The problem is furthermore complicated by the 
irregularity of many of the copper deposits. 

There can be no doubt that the output of copper from the Territory 
will increase during the next few years. The accessibility and cheap- 
ness of exploitation of the ores of the Pacific coast province invite 
copper-mining enterprises, in spite of the irregularity of occurrence 
of most of these deposits. A railway is now under construction up 
the CJopper River valley which will not only lead to early shipments 
of a large amount of copper ores from the deposits alreadv found, but 
will also stimulate furtner search and probably lead to tne discovery 
of other ore bodies. 

WATEB BESOTTBCES. 
INTRODUCTION. 

The principal value of the water resources of Alaska is for generat- 
ing power to be used for mining, now the only extensive industry. 
There are two general methods oi utilizing the water power : (1) By 
converting it into electricity or other form of energy, for the purposes 
of lode and placer mining? By such means the power can be trans- 
mitted to the locality of use. This form of utilization is now almost 
entirely confined to the Pacific coastal belt of the Territory. (2) The 
more direct use of die water under head for sluicmg, elevating, and 
hydraulicking the auriferous alluvium. This second form of utiliza- 
tion has been extensively practiced in small plants throughout the 
placer districts. 

Many of the ffold placers and lode deposits can be profitably ex- 
ploited only by the utilization of water power. The water powers are 
also valuable to other industries, but up to the present time have not 
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been so utilized, except in a small way tor running electric-lij^t 
plants, machine shops in some of the coastal towns, and some &h- 
product manufactories. 

An adequate knowledge of the distribution, volume, and g^radients 
of the surface water is, therefore, of first importance to the industry 
of the Territory. The underground waters of Alaska need" not here 
be considered; none such have been developed and little is known 
about their occurrence. There is a possibility that in some of the 
placer districts there may be underground waters in sufficient quantity 
to justify their development for purposes of supplementing the in- 
adequate surface waters. Artesian waters have m a few instances 
been found underneath the layer of perpetually frozen ground. These 
appear to be exceptional conditions, as usually the frost extends all 
the way to bed rock. Such ground waters, where they have been 
found, are probably very local in extent There are also some potable 
waters derived frcHn springs, but these, as well as the surface water 
used for towns, need not here be considered. 

Facts regarding tlie water supply are scant and based almost en- 
tirely on the results of the investigaticms of the United States Geo- 
logical Survey. These results are of two kinds— (1) the records of 
stream gaging, which furnish information as to the volumes of the 
watercourses, and (2) the topographic maps, whidi show the dis- 
tribution of the water, as well as the gradients of the streams in which 
it flows. Measurements of stream flow have been carried on for three 
seasons (190&-1908] in some of the important placer districts of 
Seward Peninsula, tor two seasons (1907-1908) in the Fairbanks dis- 
trict, and for one season (1908) in the Hot Springs, Rampart, and 
Birch Creek districts. These measurements furnish the only data on 
stream volume throughout the Territory, though a few corporations 
have obtained records from small areas preparatory to the installaticm 
of hydraulic plants. 

The topographic data are more ccmaplete, for reconnaissance maps 
(scale 1 : 250,000, with 200-foot contours) of some 121,252 square mifes 
have been made which cover most of the important mining districts 
and about 20 per cent of the entire area of Alaska. These reconnais- 
sance maps rumish a ^neral conception of drainage basins and 
stream gradients. In addition, 2,732 square miles have been mapped 
in detaU (scale 1: 62,500, with 25, 50, or 100 foot contours), yielding 
accurate information of the extent of drainage basins and ox stream 
gradients. 

Only two of the larger geographic provinces of Alaska will here be 
considered, namely, (1) the Pacific coastal region and (2) the central 
region, for, as far as can now be foreseen, it is only in these two that 
the water has any industrial value. These two provinces differ es- 
sentially in climate and relief and, indeed, present almost the extreme 
conditions as regards the occurrence and utilization of surface waters. 
In the coastal belt as a whole the topo^aphy is extremely rugged and 
manv of the streams are fed by perennial snows, which, togeflier with 
the large precipitation (75 to 120 inches), yield a large run-off with 
no great fluctuations during the summer months. 

E^yond the coastal barrier the climate is semiarid (precipitation 
10 to 20 inches), the relief is weak, and hence stream gradients are 
low, while there is no permanent snow. Another feature of the pre- 
cipitation is that summer rainfall is very local. Moreover, the gen- 
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era! fros^n condition of the subsoil to bed rock probably prevents 
any considerable ground storage/ These conditions make lor a small 
run-off per square mile and very marked fluctuations in stream 
volumes. Moreover, the low relief makes it difficult to utilize the 
water under head. 

Seward Peninsula, though not strictly a part of the central region, 
possesses ihe same general hydrographic conditions. The precipita- 
tion (10 to 30 indies), however, averages a little greater than in the 
Yukon basin. Here also the low stream gradients make much of 
the run-off unavailable for placer mining. 

The conditions affecting sur&ce waters in the area drained by 
Susitna and Copper rivers differ somewhat from those existing in 
the Pacific coastal region and in the inland province. In part this 
area has as strong relief as that along the seaboard, yet its precipita- 
tion is far less. On the whole, however, this region is better supplied 
with water than the Yukon basin. 

PACIFIC COAST REGION. 

In southeastern Alaska alone has there been any considerable utili- 
zation of water power. The Census Bureau collected the statistics of 
the developed water power in this part of the territory. Through 
the courtesy of the Director of the Census the foUowmg data are 
available. The statistics show that a total maidmum of 15,699 horse- 
power has been developed and that 100 water wheels have been in- 
stalled. Of this maximum 2,816 horsepower is available during 
low-water season. It is reported that at the localities where this 
power has been developed there is 14,135 horsepower available. Of 
the developed horsepower 3,403 horsepower is utilized by electric- 
light plants, canneries, and some other small industrial enterprises, 
and the" rest by mining and smelting plants. The Treadwell group 
of mines alone utilizes some 6,647 horsepower. In addition to the 
above a few hunded horsepower is developed in other parts of the 
Pacific coast belt. 

Southeastern Alaska affords conditions which are peculiarly favor- 
able for the development of water power. The giaciation of this 
region has developed a topography which, with its circjues and many 
lanes lying at considerable altitude above sea level, is favorable to 
water storage. While the run-off during the summer months is much 
larger than during the winter, yet there are many localities where 
a large amount of power can be developed, even during the low- 
water stages. 

rUKON BASIK. 

There are no records which make it possible to state the quantity 
of water used for placer mining in the various Yukon districts, but 
it is known to be a large amount. Nor has stream gaging pro- 
gressed far enough to determine the available water. However, it 
IS probably safe to say that within a few years every supply so situ- 
ated as to be directly applicable to placer mining will be utilized. 
Even when this has been Drought about, the supply will be inadequate 
for the gold placers already opened up. In addition to this water 
directly applicable to placer mining, there are a number of water 
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powers which can be utilized for certain mining operations by 
transformation to other forms of- energy. It is probable that 
even after the development of these water powers the demands of 
future mining interests will not have been met. The utilization of 
coal to supply this demand is discussed elsewhere in this report. 
Mention should be made in this connection of the possibility of 
developing power alon^ the streams which find their source in the 
high mountains stretching alon^ the southern margin of the Yukon 
basin. These streams have not been measured and but few have been 
surveyed. They are known, however, to have a much larger volume 
than those of the central region proper, and the topography would 
appear to be favorable to water-power development. Some of the 
important placer districts lie within 50 or 100 miles of the mountain 
front. 

The following table, which is based <mi the investigation of Mr. 
Covert, presents in summary form the available data regarding the 
run-oflf in the districts which have been investigated. It can not be 
too strongly emphasized that, as this is based on only one or two sea- 
sons' observations, the data presented are only an approximation. 



Estimates of mean annual discharge and run-off of drainage basins in Yukon- 

Tdnana region, Alaska, 

[By C. C. Covert] 



District. 



Year. 



Second- 
foot per 
square 
mile. 



Depth in 
inches. 



Percent 

esti- 
mated.a 



DaratioDof 
xeoord. 



From— To— 



Fairbanlcs, 826 square miles . . 

Mean 

Hot Springs, 56 square miles. 
Rampart. 212 square miles. . . 
Cirde, 2,150 square miles 



1907 
1908 



1906 
1908 
1908 



0.780 
.710 
.746 
.44 
.54 
.99 



10.60 
9.66 

10.18 
6.00 
7.40 

13.50 



June 20 
May 1 



Oct. 15 
Oct. 21 



June 
..do.... 
June 26 



Sent. 26 
Oct 13 



a The run-off for the period not ooyered by records was estimated at approximately 0.25 seoond-fDot per 
square mile. 

8BWABD PENINSULA. 

What has been said of the Yukon basin applies also to Seward 
Peninsula. Here, too, nearly all the water available for direct appli- 
cation to placer mining will soon be utilized, and even then can not 
meet the demand. Some important undeveloped water powers are 
known to exist in this province. 

The topography of Seward Peninsula, like that of the Yukon 
basin, is of low relief, and therefore a comparatively small part of 
the run-off can be made available for mining. In the mountain mass, 
including the Bendeleben and Kigluaik ranges, the conditions for 
water storage are somewhat more favorable than in other parts of the 
peninsula. Here there are some glacial cirques, and though these are 
of comparatively small extent, they have an influence in the conserva- 
tion of water and snow. What is of still ^eater importance, how- 
ever, is the greater rainfall which occurs in these high mountains 
compared with other parts of the peninsula. 

Mr. Henshaw has summarized nis three seasons' observations on 
stream flow in Seward' Peninsula in the table which follows. The 
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value of the data contained in this table will be increased by con- 
sidering the character of the topography of the basins whose run-off 
is given. Kruzgamepa Kiver, at ISalmon Lake, drains a basin typical 
of the Kigluaik and Bendeleben mountain areas. Kuzitrin River 
and Imurmc Lake lie in the northern portion of the peninsula and 
represent the area north of the mountains. There are not sufficient 
data to make any estimate of the yearly run-off from the country 
south of the mountains. 

Estimates of mean annual discharge and run-off of drainage basins in Beward 

Peninsula, AJask<i, 

[By F. P. Henehaw.] 



Stream. 



Year. 



Seoond- 

feetper 

square 

mile. 



mated. 



Duration of record. 



From— 



To- 



Kruigamepa at Salmon Lake, 81 
square miles 

Mean 

Kuzitrin at Lanes Landing, 1,720 

square miles. 

Mean 



[1906. 
1907.. 
1908.. 



ri907.. 
\1908. 



Imuruk Lake, 99 square miles. . 
Mean 



/1906-1907. 
\1907-1V08. 



3.68 
a77 
2.40 

aas 

.46 
.39 
.42 
.50 
.fiO 
.64 



ea.2 

61.1 
32.6 
44.6 
&2 
&8 
&7 
7.9 
&8 
7.4 



88 
40 
63 
47 
100 
40 



May 28,1906 
June 16,1907 
June 21.1908 



Sept. 30,1906 
Oct. 6,1907 
Sept. 30,1908 



June 1,1908 

Aug. 16,1906 
Oct —,1907 



Sept. 30, 190S 

Aug. — 1907 
Sept. 26,1908 



The discharge of Kruzgamepa River at Salmon Lake has been 
assumed to decrease regularly irom October 1 to a minimum of 30 
second-feet on April 20, then to increase slowly until the break-up 
of the ice, and more rapidly until the date of the beginning of rec- 
ords, which has been taken as the maximum for the vear. The run- 
off from snow for 1908 was taken as 70 per cent of tne mean of that 
for the two previous years. 

The run-off of Kuzitrin River for May, 1908, was taken as 75 per 
cent of that for June, and for the remainder of the year as 0.06 
second- feet per square mile. The run-off for 1907 was estimated by 
comparison with the two years' record at Imuruk Lake. The flow 
into Imuruk Lake was determined by closing the dam at the outlet 
and noting the rise of the water surface. 
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WASTE OF STRUCTURAL MATERIALS FROM FIRE AND OTHER 

CAUSES. 



By Herbert M. Wilson, 
United States Geological Survey. 



The mineral structural materials may be divided into two classes: 

(a) Iron, steel, copper, and other metallurgical products, the sup- 
plies of which are limited and which are themselves subject to oe- 
struction through weathering, fire, etc., and 

(6) Stone, clay products, and cement and concrete manufactures, 
which are less subiect to destructive agencies and the supplies or 
which are practically inexhaustible. 

The substitution of the latter materials for the more commonly 
used wood and metal manufactures should be encouraged as having 
an important influence on the preservation of the supplies of the 
more perishable and less abundant materials. The use of building 
stone, day, and cement products in this country has been restricted 
by competition with the much cheaper wood products and the more 
easily fabricated and more available metal products. Improved 
methods of preparing the raw materials for use in building construc- 
tion are rapidly reducing this difference in cost, and careful investi- 
gation both as to the physical properties and the more suitable 
structural forms should have an important influence on further re- 
ducing this difference in cost and the enlargement of the use of the 
more permanent and less perishable material. 

The value of the cement manufactures has increased from $9,859,- 
000 to $55,803,000 within the last decade, or nearly sixfold. The 
value of the clay products has increased in the same time from $74,- 
487,000 to $185,942,000, or over double, while the building stone has 
in the same period increased in value from $28,635,000 to $71,106^000, 
or nearly three times. As the Government, through its investigations, 
is determining the strength, durability, and fire-resisting properties 
and the more suitable forms of these materials and disseminating 
information relative to the comparative cheapness and greater perma- 
nence of such materials, a still greater relative increase in their use 
may be confidently looked for in the near future. 

Within the past few years marvelous strides have been made in 
the substitution of iron and steel for wood, owing to the careful inves- 
tigations into their properties made by engineers, physicists, and 
chemists and the great amount of attention given their fabrication 
by manufacturers and architects. More recently the engineering 
and technical professions have advanced to a great extent the uses of 
cement and concrete manufactures; but in a vastly greater period 
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of time practically nothing has been done toward ascertaining the 
physical and chemical properties and better mode of manufacture 
and use of the products of clay and stone. Undoubtedly great prog- 
ress in the substitution of all of these materials for metal and wood 
in building construction may now reasonably be looked for, with 
proper encoura^ment from the Grovemment as an exemplar in the 
methods of testing and assembling such materials. 

WASTE OF STBUCTTTBAL MATEBIALS. 

The waste of natural mineral resources used in building and engi- 
neeringconstruction is of three kinds : 

(1) That due to improper and wasteful methods of mining and 
preparing for market. 

(2) That due to excessive use in structural forms, because of 
ignorance of the strength, durability, etc., of the materials used. 

(3) That due to destruction by fire on account of the inflammable 
character of building construction, inadequate building laws, and 
the nonenforcement thereof. 

The waste of raw mineral products due to improper methods of 
mining and shipping is fully discussed elsewhere in this report. There 
is an equally lar^ waste of these materials due to uneconomical and 
inefficient methods of manufacture, including waste of the fuel, as in 
the preparation of coke used in refinement of iron ores and of fuel 
usea in Durning cement, clay products, etc. Not until a better knowl- 
edge is had as to the appropriate structural material, be it steel, iron, 
stone, cement manufactures, or clay products for any particular pur- 
pose, will it be possible to reduce a portion of this wasteful con- 
sumption. 

Most of the information available concerning the strength and 
suitability of such materials has been procured by individual, based 
on insufficient data and tests. The Government, as the largest con- 
sumer of such materials, should, as a matter of economy, conduct ex- 
haustive tests of the kinds which have proven so successrul under the 
Forest Service in developing the most suitable woods for each par- 
ticular use. These tests should be conducted with a view to establish- 
ing the physical properties of these materials and to suggesting 
improved methods of manufacture which may prove not only 
economical^ but shall improve the quality of the materials in use and 
extend their life. These investiffations should include the assem- 
bling of information relative to the most fire- resisting and fireproof 
forms of construction, the former having in view the prevention of 
conflagrations due to secondary or exposure fires, and the latter the 
prevention of the destruction of the building in which the fire may 
originate. They should also include extendi investigations with a 
view to preventing the loss of structural materials exposed to the 
action or salt water, the action of alkalies in the arid regions, and to 
similar destructive agencies. 

A great many structural materials are used in excessive quantities 
in the erection of buildings and engineering works, while materials of 
superior quality may be little used because of lack of information as 
to their properties. The average architect, engineer, or contractor 
does not take chances of using unfamiliar materials or designs, but 
confines himself to those he has knowledge of as having proven 
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moderately successful. Authoritative investigations should be made 
of such materials with a view to establishing the strength and proper- 
ties of each imder varying conditions, and of pointing out the most 
economical material for each use. , Tne present systems of building 
construction are expensive and wasteful, because of lack of exact 
knowledge as to the strength of the materials when fabricated into 
various forms of construction. 

The investigations so far conducted by the Geological Survey indi- 
cate the local availability of gravel, sand, or broken stone suitable for 
making concrete or reenforced concrete structures, where it had been 
previously assumed that such materials were not suitable and the 
charge for haulage from distant quarries often rendered the cost of 
such construction excessive. A better knowledge of the distribution 
of these constituent materials of concrete, and of the building stones 
and clays locallj^ available, will encourage the use of these durable 
structural materials in competition with forest products and other 
less permanent materials, thus conserving the latter. 

The use of excessive quantities of structural materials, due to 
ignorance as to their strength, results from the very incomplete tests 
regarding such strength, in the absence of which conservative de- 
signers use an unnecessarily large factor of safety. Engineers and 
architects adopt working stresses for metal and reenforced concrete 
of from one-fourth to as high as one-eighth the supposed working 
strength of the material, which may mean that from three to six 
times the amount of material that is necessary is being used. But 
lighter designs can not safely be adopted until absolute knowledge 
is had, through long series of tests and investigations, which will 
thoroughly establish the strength and durability of each structural 
material for the specific purpose for which it is to be used. 

As shown else wn ere in this report, the iron resources of the world, 
and those of the United States m particular, are not limitless. Ac- 
cording to the present ratio of increase in consumption of iron and 
steel products, tne supply of these materials in the United States will 
be exhausted in a few centuries. The forest products of the United 
States are rapidly approaching exhaustion, and unless immediate 
means be taken to limit their waste and reproduce their growth, a 
fraction of a century will see their exhaustion. Under the circum- 
stances, we must turn to concrete-making materials, such as cement, 
sand, and gravel, to the raw clay from which brick and tile are manu- 
factured, and to building stones, the amounts of all of which in the 
United States are practically unlimited, as substitutes for the above 
more perishable materials. 

FIBE LOSSES. 

The greatest source of waste of structural materials and of money 
values in the United States is that due to fires and this is one which 
from the example set in European countries can, as hereafter shown, 
be most greatly reduced by the substitution of fire-resisting building 
materials for the inflammable construction now so prevalent. 

The cost of fire to the country, including not only property de- 
stroyed, but maintenance of fire departments, payment of insurance 
premiums (less benefits returned), protective agencies, additional cost 
of city water supplies to meet fire drafts, etc., amounted to over $156,- 
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485,900 in 1907. This fire tax exceeded the total value of the gold, 
silver, copper, and petroleum production of tiie United States in 
1907 and was thirteen times the interest on tiie national debt. The 
property loss from fires in the United States in 1907 was $2.51 per 
capita. The total per capita loss, including interest and maintenance 
charges on fire departments, excessive water supplies, insurance pre- 
miums, etc., was $5.34. 

In addition, 1,449 persons lost their lives in fires during the year 
1907, while 5,654 were injured. The loss of life during 1908 was even 
greater, on accoimt of the Boyertown (Pa.) opera-house fire and 
the Collingwood (Ohio) school disaster. Undoubtedly the greater 

Eart of this immense waste in material, money values, and lives could 
B prevented by the use of suitable structural materials and the better 
fabrication of these into building construction. Such construction 
would cost little more than the present combustible building, and 
would result in real economy in the long run, and in tiie extension 
of the life of the mineral and forest resources. 

Possible means of reducing this enormous waste due to fire and 
conflagration are: 

(1) By tests and investigations to determine the relative fire- 
resistive properties of building materials, the relative rates of heat 
conductivity of such materials, and the aevelopments of qrstems of 
construction which offer the maximum resistance to fire. These tests 
should have in view the classification in order of merit of the building 
materials and the cheapening of cost of construction by the use of 
those best suited to the purpose, since materials actually cheaper are 
often not employed throu^ lack of knowledge of their available 
properties. 

(2) By the dissemination of information regarding the less inflam- 
mable materials of construction, their strength and durability, the 
methods of utilizing them in building construction, and the avail- 
ability of the most suitable of these materials near the locality in 
which they are wanted. 

(3) By the enactment of building codes and the enforcement of 
the same with a view to securing more fire-resistant and more fire- 
proof construction. In European cities the erection of wooden build- 
ings is prohibited, and the official supervision of brick, stone, steel, 
and cement construction is such as to diminish danger from fire due 
to defective flues, poor electric wiring, etc., and as to confine the fire 
to the building in which it originates. 

The fire wa^e in the United States for the year 1907 reached the 
enormous total of $456,485,900, exclusive of forest, mine, and marine 
fires. Of this total $109,156,894 was due to the destruction of build- 
ings and $105,927^815 to the loss or injury of contents. A noteworthy 
fact is that or this loss 27 per cent was due to exposure, i. e., the fire 
extended beyond the building of origin. This loss is quite evenly 
distributed between urban and rural districts; the loss in cities 
amounting to $107,093,288, and in villages and the country $107,- 
991,426, and as the urban and rural population are almost exactly 
equal the per capita loss in each division is very evenly divided. 
Only $68,000,000 of this loss was on brick, iron, stone, and other slow- 
burning constructions, while over double this amount, or $146,000,000, 
was on frame buildings. In the last thirty-three years the total fire 
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waste, being the value of property destroyed, amounted to over 
$4,484,000,000, while the total cost of such fires doubtless aggregated 
double this vast sum. 

Even where frame buildings are permitted or are now in existence, 
the loss might be greatly reduced by more careful oversight over 
defective flues, wiring, etc. 

The cost of insurance amounted to $145,604,344, being the difference 
between the total i)remiums paid on policies, $259,768,813, and the 
benefits paid to the insured, $114,164,469. The cost of fire-department 
maintenance and interest on capitalization amounted to $^,237^100 
of the total. The interest on the capital cost of fire-protective devices, 
such as automatic sprinklers, fire extinguisdiers, etc., and the umual 
cost of private watchmen's service, etc., amoimted to about $18,- 
000,000. The total for the year 1907 is swelled by the amount in- 
vested in city water-supply service and distributing svstems primarily 
necessary for fire protection and over and above that estimated as 
necessary for domestic consumption. This includes interest on the 
capital invested in city fire protection, $9,826,800, and maintenance 
charges, $8,465,500, the sum of which aggregates about 22 per cent 
of the total cost of water supply. The depreciation charges and 
taxes on all the above amounted to $15,167,500. 

A large portion, probably over one-half of the insurance, one- 
fourth of the city water-supply and distribution charges, one-half of 
the fire-department charges and three- fourths of the fire losses, or a 
total of $234,196,956 per annum, may be reasonably expected to be 
saved, when through the dissemination of information relative to 
less inflammable structural materials and the enactment of better 
building codes, building construction in the United States shall 
become of a kind similar or superior to that now found in European 
countries. 

HOW THE STATISTICS WEBE GATHEBED. 

The details making up the above summary of fire losses of struc- 
tural materials and property values, as well as the invested capital, 
are sulwnitted in the following tables and discussion, chiefly the work 
of John L. Cochrane, statistician, assisted by Frank D. Brown: 

At the request of the National Conservation Commission, the 
United States Greological Survey, through its technologic branch, took 
up the task of gathering the statistics of fire losses of the country. 
Requests for the official records of fire loss were sent to the chiefs of 
fire departments in 5,175 incorporated places in the United States 
(all places of 1,000 population and upward) with the result that 1,000 
replies were received. Four thousand second requests were sent out, 
and to these 1,796 fire chiefs responded, making a total of 2,796 cities 
and villages heard from out of 5,175. 

These cities and villages, with a population aggr^ating 34,102,453 
reported a fire loss of $86,476,029, or a per capita Toss of $2.54. 

It was with the greatest difficulty that figures were obtained show- 
ing separately the losses on frame and brick buildings, on buildings 
and contents, and losses on buildings in which fire did not originate, 
since many of the fire chiefs merely sent an estimate of the total loss. 
After much correspondence, 2,300 out of the 2,796 chiefs wIm) replied 
originally gave the detailed figures. 
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In order to obtain a correct estimate of the losses in the rural dis- 
tricts, 5,000 blanks were sent to postmasters located in counties that 
were strictly rural, the aim being to exclude all counties that con- 
tained villages of any sizes whatever. The blanks were apportioned 
among the various States according to their percentage of rural popu- 
lation, the States with a large farming population getting more than 
the States whose population centered mainly in the cities. Responses 
were received from 1,898 postmasters representing a population of 
1,410,383. These postmastei-s reported a total loss of $3,619,769, 
which gives a per capita loss of $2.49. 

Thus it will be seen that reports were received from 4,694 cities, 
villages, and rural communities with a total population of 35,512,836 
and a total loss of $89,995,798, a per capita loss for the entire United 
States of $2.51, or an aggregate loss for the United States of 
$215,084,709. 

* The only statistics with which these are* comparable have been 
gathered bj the National Board of Fire Underwriters. This organi- 
zation, composed of the leading fire underwriters of the country, has 
given out estimates of the fire Tosses for several years, in the hope of 
showing the public how much of the loss is preventable and with a 
view toward creating a public sentiment in lavor of better building 
construction. 

In order to ascertain the additional cost imposed upon the country 
by fires over and above that represented by simple fire waste or de- 
struction of property and the cost of public fire-fighting departments 
and systems and insurance losses above referred to, careful statistical 
inquiry was made into the additional cost of construction and mainte- 
nance of city water supplies necessary on behalf of protection against 
conflagration over and above cost pertaining to domestic supply, street 
sprinlaing, and the incidental fire service necessary to restricting a fire 
within the building of origin. Information was also procured re- 
carding the cost of private fire-protective measures such as automatic 
fire sprinklers, fire extinguishers, and grenades, private watchmen's 
services, etc., imposed by the risks due to inflammable construction. 
Finally, an attempt was made to ascertain the losses to the country 
from marine fires and disasters. The statistics regarding public 
water supplies were secured by correspondence and the submission of 
questions to the superintendents of water supply in every city in the 
United States and to the more prominent hydraulic engineers. In all, 
5,700 blank report forms were sent out to wliich 1,500 replies were 
received, of which, however, but a small percentage was complete 
enough for tabulation. The total cost in each case was obtained from 
the census reports for cities of above 30,000 population owning water- 
works and the remainder from the Spectator. 

This total cost of waterworks systems in the United States was seg- 
regated to show the total cost in each of the five geographical divi- 
sions of the United States, viz : The Middle Atlantic and New Eng- 
land States; the Southern and Southeastern States; the Central 
States; the Rocky Mountain or arid region; and the Pacific Slope 
States. 

The total cost of the waterworks systems in each of the geographical 
divisions was then subdivided to show the total cost in cities according 
to the following classification: Population of 100,000 or over; popula- 

72539— S. Doc. 676, 60-2, vol 3 39 
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tion of 30,000 to 100,000; population of 6,000 to 30,000; and popula- 
tion under 5,000. 

This same plan of classification was pursued in tabulating the re- 
ports received from engineers and superintendents who gave m detail 
the information sought. This detailed information for each geo- 
graphical division and classification by size of cities was then applied 
to tne total cost of waterworks systems for the corresponding geo- 
graphical divisions and classifications by size of cities, and the same 
proportionate distribution made for the various inquiries. 

The procurement of data of losses from marine disasters was even 
more difficult than the above. This was arrived at by securing the 
total paid by American companies and the total paid by foreign com- 
panies doing United States business, giving an aggregate total for 
the year 1907 of $11,621,827. It is not evident that a portion of this 
may not include some Canadian insurance or cover some duplication. 
Endeavors to secure data on cost of private fire protection were even 
less successful. Information received from the manufa.cturers of 
automatic sprinklers, fire extinguishers, etc, and estimates of the 
cost of private watch service derived from special investigations in 
a number of prominent cases lead to the belief that the invested 
capital, incluoing construction, equipment, etc., aggregates about 
$50,000,000^ while interest upon this amount and the cost of watch- 
men's services, etc., would amount to an annual charge of about 
$18,000,000. 

FIBE WASTE. 

The total loss from fire in the United States during 1907. 
$215,084,709, represents a waste of nearly $600,000 for every day or 
the vear, or $25,000 for every hour of the day. The term " waste " is 
used because the fire loss is one that is absolutely irretrievable, and 
constitutes a tremendous drain upon the natural resources of the 
country. The insurance on a burned building does not bring back 
the property that was destroyed — it simply equalizes the loss between 
all others whose property is insured — and the money paid by the in- 
surance companies does not by any means cover the total losses sus- 
tained. Underwriters declare that from 75 to 80 per cent of all prop- 
erty is insured, but two State fire marshals disagree with this state- 
ment after tabulating the fire losses for their States. The State fire 
marshal of Ohio, D. S. Creamer, finds that but 52 per cent of the 
property is covered by insurance. This statement seems to be borne 
out oy the annual report of the National Board of Fire Underwriters 
for 1907, which gives as the total losses paid by all companies during 
the year $114,164,469. 

The fire waste for the last thirty-three years, according to the Na- 
tional Board of Fire Underwriters, reached the tremendous total of 
$4,484,326,831. 

Fearful as it is to contemplate this great destruction of the natural 
resources of this country, the situation becomes more appalling when 
it is realized that this waste is rapidly increasing. The National 
Board of Fire Underwriters gives the following estimates of the fire 
waste for the last thirty-three years: 
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Atmual fire loaaea in the United States for thirty-three years, 1875-1907. 
[Compiled by the National Board of Fire Underwriters.] 



Yean. 


Aggregate 

property 

loss. 


Yean. 


property 
loss. 


Yean. 


Aggregate 

property 

loss. 


Ig76 


85 
00 
00 
00 
00 
00 
00 
24 
28 
11 
06 


1886 


SI 50 
1 55 
1 95 
1 33 
1 92 
1 57 
1 »8 
1 70 
1 S4 
1 33 
1 20 


1807 


S116,354,675 
130,593,905 
153,597,^30 
160,929,805 


1876 


1887 


1898 


1877 


1888 


1899 


1878 


1880 


1900 


1879 


1890 


1901 


165,817,810 


1880 


1801 


1902 


161,078,040 


1881 


1802 


1903 


145,302,155 


1882 


1808 


1904 


229,108,050 
165,221,650 


1883 


1804 


1905 


1884 


1805 


1906 


» 518,611,800 


1885 


1806 


1907 


199,383,300 









• Baltimore conflajO'atlon. 

* San Francisco earthquake and conflagration. 

ANALYSIS OF LOSSES IN THE UNITED STATES. 

The following table of the fire losses in the United States in 1907 
gives a number of interesting comparisons of the total losses sustained 
in the cities and in the rural districts : 

Fire losses in the United States for 1907. 
[Statistics gathered by the United States Geological Survey.] 





Total. 


Urban. 


Rural. 


Fire loss: 

Buildings 


$109,156,894 
105,927,815 


»50, 173,625 
56,919,658 


$58,983,260 


Contents . .. 


49,008,157 






Total 


215,084,709 


107,093,283 


107,991,426 






Brick, etc.: 

Buildings 


31,092,687 
37,332,580 


19,816,474 
29,092,270 


11,276,213 


Contents 


8,240,310 






Total brick, etc 


68,425,267 


48,908,744 


19,516,523 






Frame: 

Rnilding^f , ^ 


78,064,207 
68,595,235 


30,357,151 
27,827,388 


47,707,065 
40,767,847 


Contents 




Total frame Are loss 


146,659,442 


58,184,539 


88,474,903 




Number of fires: 

In brick, etc., buildings 


36,140 
129,117 


25,297 
80,109 


10,843 


In frame buildings 


49,008 






Tot^ niimhftr of Hr^ .... - 


165,257 


105,406 


69,851 






Loss per capita, United States 


2.51 


2.54 


2.49 







It will be seen that the loss is rather evenly divided between the 
urban and the rural population, the total loss in the cities and villages 
amounting to $107,093,283, and in the rural districts to $107,991,426. 
The total urban population is estimated at 42,160,710, and the rural 
at 43,162,051. The big losses in the cities and villages are not sur- 
prising, for in these are located many large buildings filled with 
millions of dollars worth of property ; buildings which are subjected 
to additional risk because they adjoin one another or are near each 
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other. In the rural districts the buildings are widely separated and 
contain property that does not compare in value with that in the 
cities, yet the losses are as great in these districts. The only con- 
clusion that can be drawn from this condition is that the remarkable 
efficiency of the fire departments of the cities prevents a loss much 
greater than occurs, and that the absence of fire-fighting apparatus 
in the rural districts permits the loss in fires to be totaL 

This fact is plainly shown in the total building loss of the country, 
the fire departments keeping the loss in cities and villages down to 
$50,173,625, while fires in the rural districts consumed buildings 
valued at $58,983,269. 

The contents loss in the cities and villages was $56,919,658, as 
against $49^008,157 in the rural districts; which a^in proves the 
contention, m spite of the great loss in the rural districts, as it is well 
known that the value of the property in city buildings is many times 
greater than that in buildings in rural communities. 

The losses on brick, stone, and steel buildings in cities arid villages 
amounted to $19,816,474, and on contents, $29,092,270; m the rural 
districts the losses on these buildings were $11,276,213^ and on the 
contents, $8,240,310. The much heavier losses in the cities and vil- 
lages on the brick, stone, and steel buildings are undoubtedly due 
to the few buildings of this character in the rural districts in com- 
parison to the number in the cities. 

The losses on frame buildings in the cities and villages amounted 
to $30,357,151, and on the contents to $27,827,388. In the farming 
communities the losses on these buildings reached a total of $47,707,- 
056, and on the contents $40,767,847. This once more tells of the 
efficiency of the fire departments in coping with the flames in cities 
and villages and the utter lack of fire protection in the rural districts, 

CAUSE OF FIBE WASTE IN THE UNITED STATES. 

The ^eat fire waste in the United States is undoubtedly due to the 
predominance of frame buildings. In most European cities frame 
buildings are positively prohibited within the limits of the munici- 
palities, and but few are erected in the rural districts, owing to the 
scarcity and high price of lumber. In the United States the con- 
ditions have been exactly reversed. Lumber, at least until recently, 
has been the cheaper material, besides being more easily worked than 
brick, stone, and steel. The result has been that a great majority of 
the homes of the country and many factory buildings, warehouses, 
etc., have been made out of lumber. 

Of the total losses sustained in the United States in 1907, more 
than two-thirds were on frame buildings. The exact losses are, $146,- 
659,442 in frame buildings and $68,425,267 in brick, stone, and steel 
buildings, as shown by the foregoing table. 

Another illustration of the influence of frame buildings upon the 
fire loss of the country is suggested by grouping eleven States which* 
are practically treeless and comparing them with eleven States in 
which there is still an abundance of timber, the argument being that 
there will be a greater proportion of frame buildmgs in the btates 
where lumber is plentiful because of its cheaper price. The States 
in which there is a supply of lumber show an mcreased per capita of 
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loss of 59 cents over the per capita of the treeless States, as seen by 
the following table: 

The per capita fire loss for 1907 in 11 States where timber is scarce and in 11 
States where timber is plentiful, 

[Statistics gathered by United States Geological Boryey.] 





Total popu- 
lation: 


Total fire 
loss. 


Per 
capita. 


Oroup 1.— States having scarcity of timber: 

Iowa, Illinois. Oklahoma, Connecticut, Delaware, New 
Jersey, South Dakota, Rhode Island, Kansas, Nebraska, 
and North Dakota 


16,785,460 
25,560,533 


188,606,568 
73,895,950 


12.30 


Group 2.— Showing timbered States: 

Washington, Xouisiana, Texas, Mississippi, Wisconsin, 
Arkansas. Michigan, Pennsylyania, Mhmesota, Oregon, 
And North rVnlina 


2.80 







A study of the fire losses of the United States from the standpoint 
of geographical division of the States — a division frequently used 
by the Census Bureau — ogives interesting results. The remarkable 
feature is the per capita loss in the South Central States — Kentucky, 
Tennessee, Alabama, Mississippi, Louisiana, Texas, Oklahoma, and 
Arkansas, $3.66 — ^more than $1 in excess of the per capita of any of 
the other divisions. All of the States in this division have much tim- 
ber; therefore, many frame buildings. These States also have the 
handcap of inefficient fire protection compared with the States of the 
North and E^st. The total and per capita losses according to geo- 
graphical divisions of the States are as follows : 

The per capita fire losses for 1907 in the United States as shown by geographical 

divisions of the States. 

[Statistics gathered by U. S. Geological Survey.] 



Geographical division. 



Total popu- 
lation. 



Total fire 



Fire loss 

percaiH 

ita. 



North Atlantic: 

Maine, New Hampshire, Vermont. Massachusetts, Rhode 
Island, Connecticut, New York, New Jersey, and Pennsyl- > 

vania 23,779,013 

South Atlantic: 

Delaware, Maryland, District of Columbia, Virginia, West 
Virginia, North Carolina, South Carolina, Georgia, and 

Horida , 11,674,988 

North Central: 

Ohio, Indiana, Illhiols, Michigan. Wisconsin, Minnesota, 
Iowa, Missouri, North Dakota, South Dakota, Nebraska, 

and Kansas 29,026,646 

South Central: 

Kentucky. Tennessee, Alabama, Mississippi, Louisiana, ; 

Texas, Oklahoma, and Arkansas 16,368,668 

Western: 

Montana, Wyoming, Colorado, New Mexico, Arlxona, Utah, I 
Nevada, Washington, Oregon, and Callfomia 4, 783, 657 



$69,447,632 

26,349,223 

68,793,148 
69,908,922 
12,676,426 



12.60 

2.19 

2.37 
3.66 
2.66 



While the prevailing material of construction — lumber — is largely 
responsible for the great fire waste of the United States, there is a 
cause lying back of all of this — faulty construction and equipment of 
buildings. The list of causes of fires is headed by defective chimneys, 
flues, Replaces, and heating and lighting apparatus, all of them 
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faults of construction and equipment. Matches, sparks, and ex- 
plosions figure prominently in tne list, followed by incendiarism, 
electricity, and liffhtning. Nearly one- fourth of the fires are labelea 
" unknown cause," which indicates forcibly the listless attitude toward 
this waste, not only of the general public, but also of the men directly 
charged with protecting property against fire — ^the officials of mu- 
nicipalities and others. 

FIBE WASTE IN EUROPEAN CITIES. 

In 1905 the Bureau of Manufactures of the Department of Com- 
merce and Labor sent letters of instruction to all the principal United 
States consular officers in Europe requesting information concerning 
the fire losses of European cities; also a statement regarding the fire 
insurance practice in those cities. Unfortunately the statistics gath- 
ered were not all for the same year, some cities reporting for 1901, 
others for 1903, and still others for 1904, a few failing to make any 
report. It is claimed, however, that there is but little variation fronx 
year to year in the fire losses of European cities, and for this reason 
the fibres were tabulated. 

Cities of Austria, Belgimn, France, Grermany, Norway, Russia, 
Switzerland, and the United Kingdom, with a reporting population 
of 19,913,916, had a loss of but $9,582,340, a per capita of 48 cents. 
Russia had the highest loss, $3,100,823, in a population of 2,673,427, 
a per capita loss of $1.16. 

If the United States had Europe's per capita of 48 cents, in a total 
population estimated by the Census Bureau for 1907 as 85,532,761, 
the total fire waste in this country for the year would amount to 
$41,055,725, a saving of natural resources to the extent of $174,028,984. 

Taking the maximum per capita in Europe, $1.16 in Russia, and 
the fire waste in the United States would amount to $99,218,002, or 
$116,314,759 less than it did. 

The principal reason for the great difference between the amount 
of fire waste m the United States and Europe is that there are but few 
frame buildings in Europe and practically none in the great cities. 

Consul Hossfeld, of Trieste, Austria-Hungary, in his official report 
to the State Department on the fire losses m the city he represents, 
said: 

The laws of Trieste and its territory prohibits the coDStruction of wooden 
buildings. Only sheds and buildings of a temporary nature may be constructed 
of wood, such as are intended to serve as a shelter for workmen or for the 
storage of materials while permanent buildings are being constructed. 

Consul Harold S. Van Buren, of Nice, France, wrote : 

There may be a few sheds of wood or detached stables of a temporary char- 
acter, but not sufficient to form a portion of the statistics. 

Consul John C. Covert, of Lyons, stated : 

An official in the office of the mayor informed me that there are no wooden 
buildings in the city, except a few old shtds, constructed without permission 
and permitted to remain, as they are in open fields and of no danger, being some 
distance from other buildings. 

Consul-General Frank H. Mason wrote concerning Berlin, Ger- 
many: 

The comparative immunity of Berlin from disastrous fires, results not from 
the efficiency of its fire department — although it does promptly and weU what 
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work It has to do — ^but from the absence of wooden houses and the solid, care- 
ful construction of all kinds of stone and brick buildings under the rigid 
scrutiny of the building police. 

The following statement is made in Special Consular Reports, 
Tolume 38, Bureau of Manufactures, Department of Commerce and 
Labor, in discussing the insurance in foreign countries : 

In Europe the fire insurance laws are remarkable, chiefly because they compel 
insurance in some countries, while in all cities they prevent great losses by in- 
sisting on the erection of only stone and brick buildings. The fire-department 
systems are ridiculously inadequate as compared with those of American cities, 
yet the net results are better. French law compels insurance against fire not 
only for the benefit of the owner, but for his neighbors. In Germany building 
Insurance is compulsory and in some kingdoms It Is a government monopoly. 
Russia has an elaborate system of central and local government insurance and 
compels all buildings to be insured. By a law recently enacted the Swtes 
method of insuring against the loss of time by fire has been made almost im- 
possible. In some of the cantons insurance against loss by fire is compulsory. 

The countries of Europe with their reporting city populations and 
fire losses are as follows: 

Fire losses in cities of Europe, 



[BtatiBticB gathered by the Bureau of Manufactures.] 




Country. 


Population. 


Fire loss. 


Per cap- 
ita. 


Austria * . 


193,387 
2,673,427 
4,319,816 

312,987 
7,440,447 

222,373 

715, 712 
4,029,116 


$72,365 
3,100,823 
1,795,750 

178,766 
1,832,<02 

207,000 

192,600 
2,202,744 


10.37 


Russia o 


1.16 


United Khiedom * 


.42 


Beleium 6 


.57 


Oi>rni^n V f> .•••••••««•.•.••••.••••.••.••••••.••••••••••••• 


.25 


Norway c ,..-. 


.93 


Korf tKArl And e 


.27 




.55 






Total 


19,913,265 


9,582,340 


.48 







• Losses for 1904. 

*Some cities of country report for 1903; others for 1904. 

•Losses for 1903. 

' France reports for 1904 with exception of city of Lyon which Is for 1901. 

Sometime after these statistics were prepared the National Board 
of Fire Underwriters obtained permission from the State Depart- 
ment to send their own queries to the consular offcers in Europe, with 
the result that figures showing the fire losses in six countries were ob- 
tained, some of them lor a period of several years. Ihese figures 
showed the surprisingly low per capita of 33 cents for the six 
countries, and are as lollows: 

Fire losses in siw European countries, 
[Statistics gathered by the National Board of Fire Underwriters.] 



Country. 


Years. 


Fire loss, 
annual av- 
erage. 


Population 
1901. 


Loss per 
capita. 


Austria 


189S-1902 

1901 
1900-1904 

1902 
1901-1904 
1901-1905 


$7,601,389 

660,924 

11,699,275 

27,665,600 

4,112,726 

999,364 


26.160.607 
2,588,919 
38,595,500 
66,367,178 
32,449,754 
3,325,023 


10.29 


Denmark 


.28 


France 


.30 


Gcmiany 


.49 


Italy. ..r 


.12 


Switzerland 


.30 







Or an average loss per capita of |0.33. 
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ETTBOPEAN AND AMEBICAN LOSSES COMPARED. 

Another comparison, which is perhaps even more interesting as 
illustrating America's needless waste and Europe's prudence, is given 
in the following table of per capita loss in cities of the United States 
and Europe, arranged in classes according to their populations : 

Per capita fire losses in American, and European cities^ classified according to 

population, 

[Statistics for the United States gathered by the Geological Sorrey, and for Europe by the 

Bareaa of Manufactures.] 



Per cap- 
ita loss. 
United 
States, 
1007. 



Per cap- 
ita loss, 
Europe. 



Cities over— 

300,000 

100,000 to 300,000 

60,000 to 100,000. 

30,000 to «),000.. 

10,000 to 30,000.. 
Underl0,000 



12.24 
2.14 
2.47 
3.28 
2.37 
3.47 



ia65 

.37 

1.67 

.72 

.81 



PIBE LOSSES IN CITIES OP EUROPE AND AMERICA OP EQUAL SIZE. 

Comparing American and European cities of the same size, and the 
following per capita losses are found : 

Fire losses in American and European cities of the same size, 
[Statistics gathered by U. S. Geological Survey and Bureau of Manufactures.] 



European losses for 1004. 


United States losses Ibr 1007. 




Popula- 
tion. 


Fire loss. 


Per 
capita. 




Popula- 
tion. 


Fire loss. 


Per 
capita. 


Paris. France 

Frankfort . Germany . 

St. Petersburg, Rus- 
sia. 

Birmingham, Eng- 
land. 

Sheffield, England . . . 

Toulon, France 

Bremen, Germany.. 

Molenbeek, Belgium. 

LalJten, Belgium 

Etterbeck, Belgitnn . 


2,714,068 

324,500 

1,500,000 

650,000 

^6,686 
101,602 
203,847 
03,678 
31, 121 
23,992 


11,266,282 

99,492 

2,128,541 

226,506 

75,969 
55.391 
78.372 
106.160 
22.349 
19,504 


10.47 
.31 
1.42 

.41 

.18 
.56 
.38 
1.07 
.72 
.81 1 


Chicago, ni 

Cincinnati, Ohio... 
Philadelphia, Pa... 

Baltimore, Md 

Cleveland, Ohio.... 

Atlanta, Ga 

St. Paul. Minn 

Evansville, Ind 

Oshkosh, Wis 

Easton, Pa 


2,040,185 

345,230 

1,441,735 

553.660 

4fiO,000 
104,984 
204.000 
63,957 
31,033 
25,238 


$3,037,105 
1,971,217 
2,003,522 

016,603 

515,104 
225,237 
622,447 
106,702 
80,500 
32,073 


$1.43 
6.70 
1.46 

1.66 

1.12 
2.16 
2.56 
3.08 
2.60 
1.57 









CONFLAGBATIONS. 

Since the year 1866 the conflagration losses in the United States 
have totaled the sum of $936,551,135, according to the tabulation 
made by the National Board of Fire Underwriters. By conflagra- 
tion is meant all fire involving a loss of half a million dollars and 
over. 

The conflagrations of 1907 cost the United States $18,475,000, 
according to the same authority. 
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The year 1908 promises to exceed the conflagration loss of the pre- 
ceding year, one conflagration alone, that at Chelsea, Mass., on 
April 12 and 13, involving an insurance loss of $8,846,879, as repotted 
by the underwriting companies to the Massachusetts insurance com- 
missioner. 

The notable conflagrations of the United States were those at 
Chicago, in 1871 ; Boston, 1872 ; Baltimore, 1904 ; and San Francisco 
on April 18, 1906. The earthquake and fire at San Francisco resulted 
in a total property loss of $350,000,000, exceeding in amount any 
previous similar disaster in the history oi the world. 

The fact that no other country suflFers such enormous conflagration 
losses has led to a general investigation of the causes by fire under- 
writers, fire marshals, officials of States and municipalities, and 
students of economic conditions, and the conclusion has been that poor 
and defective construction of building and equipment are respon- 
sible. The investigation has further disclosed that an increase in the 
number and severity of conflagrations may be expected until there is 
a decided improvement in the methods of construction. 

The danger of conflagration is present in every city and village of 
the United States, and with it the possibility of large loss of life. 
The most efficient fire department in the country is powerless when 
once a fire gets considerable headway in a locality where bad con- 
struction prevails. 

The Ohio fire marshal, in his annual report for 1907, in urging new 
building codes for Cleveland and Cincinnati, the two largest cities 
of the State, says : " Either city may at any time suffer a conflagra- 
tion costing $300,000,000." 

The October, 1908, Quarterly of the National Fire Protective Asso- 
ciation, on the subject of better buildings, says : 

The average American city is full of fire traps. Buildings of great area, 
without fire cut-oflfs, with large floor openings, with unprotected windows, and 
with very combustible contents are too numerous to prove the exception to any 
rule. These are conflagration breeders. Fire travels through these buildings 
rapidly and under certain conditions can get beyond even the best fire depart- 
ment, and sweeping through the unprotected windows of surrounding buildings 
wm soon cause a conflagration. 

LIVES LOST IN FIBES. 

During the year 1907 fires caused the death of 1,449 persons and 
the injury of 5,654, according to the information gathered by the 
United States Geological Survey. These figures are incomplete and 
perhaps do not represent more than half the persons who were victims 
of fires. Many fire chiefs of large cities failed to report any deaths, 
because such were not properly included in their annual reports. 
The cause of this again is faulty construction in buildings — in manj 
instances lack of appreciation on the part of cities of the responsi- 
bility to safeguard the lives of their citizens or ignorance of what is 
demanded to protect against fires. 

The Iroquois fire in Chicago, December 30, 1903, in which 600 per- 
sons lost their lives, was a terrible object lesson in bad construction 
and equipment, yet this was not sufficient to stop these disasters. 
January 13, 1908, fire in an opera house at Boyertown, Pa., cost the 
lives of nearly 200 women and children. Two months later, March 4, 
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165 children were burned to death in a schoolhouse at CoUinwood, 
Ohio. With proper construction of buildings none of these lives 
would have been lost. 

SUMMABY. 

The capital investment and the annual maintenance cost making 
up loss and expense on account of fire losses, fire protection, cost of 
waterworks chargeable to conflagration service, maintenance of fire 
departments and private fire-fighting devices are summarized in the 
following table. 

Capital invested for fire protection and annual loss and expense on account 
of fire (United States, 1907.) 

Annual loss and expense: 

Total fire loss $215, 084, 709 

Fire protection — 

Amount of fire-insurance premiums paid above amount of 

losses paid a 145, 604, 362 

Total annual expense of waterworks chargeable to fire 
service — 

Depreciation and taxes 4, 603, 731 

Interest charge ^9, 826, 867 

Maintenance 8, 465, 487 

28.856,235 

Total annual expense of fire departments — 

Depreciation and taxes 4, 603, 731 

Interest charge «4, 282, 540 

Maintenance 40, 054, 574 

48, 940, 845 

Total annual private fire protection 18, 000, 000 

Total annual loss and expense 456,486,151 

Investment in construction and equipment: 

Total cost of waterworks (construction and equipment) 
chargeable to fire service — 

Source of water supply $66, 482, 220 

Distributing system (2,016,927 tons of metal). 127, 236, 668 

Hydrants (350,152) 29,761,400 

Separate high-pressure fire service 22, 191, 388 

«245, 671, 676 

Total cost of fire departments (construction and equipment) — 107, 063, 524 
Total cost (construction and equipment) of private fire ex- 
tinguishers, automatic sprinklers, etc 50,000,000 

Total investment in construction and equipment 402, 735, 200 

A study of this table shows that 22 per cent of the total expendi- 
ture on behalf of public water supplies is due to additional supplies 
necessary for protection against fires of such magnitude as may be 
propagated beyond the building of origin. It will be incidentally 
noted that there are 2,(X)0,000 tons of metal, having a value in excess 

« The amount paid by insurance companies on account of fire loss was $114,- 
164,469, and the amount received by them in premiums was $259,768,831. 

^$245,671,676, cost of waterworks, chargeable to fire service, capitalized at 
4 per cent interest, is equal to an annual charge of $9,826,867. 

^^ $107,063,524, cost of fire departments, capitalized at 4 per cent interest, is 
equal to an annual charge of $4,282,540. 

^'This is 22 per cent of the total cost of water systems, domestic and fire 
service combined. 
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of $127,000,000, and the metal in 350,000 hydrants, having a value of 
nearly $30,000,000, aU of which is wasted on account of the need of 
preparation to fight fires of a kind which, because of the inflam- 
mable character of building construction in this country, would 
develop into conflagrations without adequate water service and fire 
departments. 

The annual cost of maintenance of fire departments in European 
cities is set forth in the following table, from which it is apparent 
that the average annual cost in European cities is 20 cents per capita. 
Compared with this, the average cost in cities in the United States 
having a corresponding population of 100,000 and over and an 
ag^gate population closely approximating that of these European 
cities, shows a per capita cost of $1.53, or seven and one-half times 
the cost of public fire protection over and above that found necessary 
in Europe. 

Annual cost maintenance of fire departments in European cities. 



city. 



Popula- 
tion. 



Fire department 
mainienanoe. 



Per 
capita. 



Kiel and saborbs 

Cologne and suburbs , 

Berlfii 

Breslau. 

London 

St. Petersburg 

Paris 

Stockholm. 

Budapest. 

Milan, 

Total 

Cities in United States having population of 100,000 and over 



171,000 

458,037 

1,888,848 

422,738 

6,680.616 

1,313,300 

2,714,068 

311,043 

723,322 

491,460 



179,002nL< 
500,600m.' 
035, 346m. • 
465,571nL< 
254,045 £.< 
678,503 r.. 
925,334 f. • 
260,164K.< 
281,544K.< 
431,253 1. ' 



- $42, 

- 121, 

- 484, 

- 110, 
-1,238, 

- 295, 

- 564, 
• 72, 

- 67, 
■ 83, 



SO. 25 
.26 
.26 
.26 
.19 
.22 
.21 
.23 
.08 
.17 



15,074,432 
16,883,435 



3,069.688 
25,754,386 



• .20 
1.53 



•Average. 

It is reasonable to assume that at such time as building construc- 
tion in the United States, through the materials used, building codes 
adopted, and the enforcement thereof, shall have reached a condition 
similar to that in Europe our annual costs for this one item alone may 
be reduced from more than $25,000,000 to $3,000,000, or to less than 
one-seventh of the present total. 

It will be noted that the per capita cost in this country and in 
Europe which make up these total figures are nearly equally divided 
between the fire losses and the annual expense of fire protection, and 
that the ratio of these in the United States and in Europe is nearly 
the same. 
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SUGGESTIONS FOB BEAPBK8. 

In order that this report may be read and used as widely as i)OS- 
sible, it has been arranged with reference to five clasaes of readers : 

1. The "Contents by sections," the index, and the page headings 
will facilitate the use of the report for reference purposes. 

2. The " Abstract " is chiefly intended for those who have no time 
to read more. 

3. The " Summary " is a somewhat fuller resum^. 

4. The " Summary " is also designed to enable those who so desire 
to read some parts of the report more fully than others. To this end 
the " Summary " is arranged to correspond to the main report, chap- 
ter by chapter and section by section. The reader who, after reading 
any particular part of the "Summary," wishes to read the corre- 
sponaing part of the main report has only to turn to the chapter or 
section having the same number. 

5. Those who read the entire report will probably prefer to read 
the "Summary" or "Abstract" last 
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ABSTRACT. 

The problem of conserving natural resources Is only one part of the larger 
problem of conserving national efficiency. The other part relates to the viti\lity 
of our population. The two parts are closely interwoven. Protection against 
mining accidents, forest fires, floods, or pollution of streams prevents not only 
loss of property, but loss of life. The prevention of disease, on the other hand, 
increases economic productivity. 

So far as we can compare vital and physical assets as measured by earning 
power, the vital assets are three to five times the physical. The facts show 
that there is as great room for improvement in our vit^l resources as in our 
lands, waters, minerals, and forests. This improvement is possible in respect 
both to the length of life and to freedom from disease during life. 

Contrary to common impression, there is no Iron law of mortality. Recent 
statistics for India show that the average duration of life there is less than 
twenty-five years. In Sweden it is over fifty years, in Massachusetts forty-five 
years. The length of life is increasing wherever sanitary science and prevent- 
ive medicine are applied. In India It is stationary. In Europe it has doubled 
in three and a half centuries. The rate of increase during the seventeenth and 
eighteenth centuries was about four years per century, during the first half of 
the nineteenth century about nine years per century, during the latter half of 
the nineteenth century about seventeen years per century, and in Germany, 
where medical and sanitary science has reached the highest development, about 
twenty-seven years per century. The only comparative statistics available in 
this country are for Massachusetts, where life is lengthening at the rate of 
about fourteen years per century, or half the rate In Germany. 

There Is no need, however, of waiting a century for this increase. It could 
be obtained within a generation. Three-fourths of tuberculosis, from which 
150,000 Americans die annually, could be avoided. Eighteen experts In various 
diseases, as well as vital statisticians, have contributed data on the ratio of 
preventablllty of the ninety different causes of death into which mortality 
may be classified. From these data It Is found that fifteen years at least could 
be at once added to the average human lifetime by applying the science of 
preventing disease. More than half of this additional life would come from the 
prevention of tuberculosis, typhoid, and five other diseases, the prevention of 
which could be accomplished by purer air, water, and milk. In I^wrence, 
Mass., after the Installation of a pure-water supply, the death rate from typhoid 
was reduced by 80 per cent. For every death thus saved from typhoid, two 
or three deaths are saved from other diseases. 

Judging from the English statistics of illness, we must conclude that at all 
times in the United States about 3,000,000 persons are seriously III, of whom 
about 500,000 are consumptives. Fully half of this Illness Is preventable. 

If we appraise each life lost at only $1,700 and each year's average earnings 
for adults at only $700, the economic gain to be obtained from preventing pre- 
ventable disease, measured In dollars, exceeds one and a half billions. This 
gain, or the lengthening and strengthening of life which It measures, can be 
secured through medical investigation and practice, school and factory hygiene, 
restriction of labor of women and children, the education of the public In both 
public and private hygiene, and through Improving the efficiency of our munic- 
ipal, state, and national health service. Our National Government has now 
several bureaus exercising health functions, which only need to be concentrated 
under one department to become coordinated parts of a greater health service 
worthy of the nation. 
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SUMKABT. 
SuMMABT OP Part I. — Length of life versus mortality;. 

8UMMABY OF CHAPTER I — THE LENGTH OF LIFE. 

Section 1. In different places, — President Roosevelt has pointed ont that the 
problem of conserving our natural resources Is part of another and greater prob- 
lem — that of national efficiency. This depends not only on physical environment, 
but on social environment, and most of all on human vitality. Modem hygiene 
is the reaction against the old fatalistic creed that deaths inevitably occur at a 
constant rate. The new motto is that of Pasteur : " It is within the power of 
man to rid himself of every parasitic disease." 

It was once believed that human mortality followed an "inexorable law." 
Facts, however, show that mortality varies in different places and is decreasing 
as hygiene comes into use. The length of life in Sweden and Denmark Is over 
fifty years ; in the United States and England about forty-five ; in India less than 
twenty-five. 

Sbc. 2, At different times, — In Europe, according to one authority, the length 
of life has Increased In three hundred and fifty years from less than twenty to 
about forty years ; In England, In less than half a century, It has Increased about 
five years; In Prussia, In the last quarter of a century, over six years; in 
America It has also Increased, although good life tables are lacking excepting 
for insurance experience. The tables for Massachusetts for 1893-1897 show an 
average duration of life in that State of forty-five years, as compared with forty 
in 1855, and thirty-five, an estimate of 1789, based, however, on doubtful returns. 

SUMMARY OF CHAPTER II — THE MORTALITY RATE. 

Section 1. — Relation of longevity to mortality. — ^As duration of life Increases 
the death rate decreases. A death rate is the ratio of the number of deaths In 
a year to the population. Under normal conditions where the population la 
" stationary " — that Is, neither Increasing nor decreasing nor subject to Immigra- 
tion or emigration — the death rate and the duration of life are " reciprocals." 
In such a population, if the death rate Is 20 per 1,000, the duration of life will be 
1,000^20=50 years. 

This relation, however. Is disturbed In most countries to-day, and especially In 
America, by immigration and emigration and by the birth rate being In excess 
of the death rate. Nevertheless, death rates. If compared under similar condi- 
tions, furnish a fairly good Index of vitality. They vary in different places and 
at different times. 

Sec. 2. Mortality in various regions. — In the registration area of the United 
States the death rate Is 16.5 per 1,000; In France It Is 20; In India 42. In dif- 
ferent States of the United States it varies from 14 In Michigan to 18 in New 
York. 

Sec 3. Urban and rural mortality, — The death rate Is higher in the city than 
In the country, and the larger the city the higher the death rate. In European 
countries among the cities with the highest death rate are Dublin (40) and 
Moscow (37) ; among the lowest, Frankfort on the Main (16) and The 
Hague (16). 

Sec 4. Race and condition. — The colored death rate greatly exceeds the white. 
The death rate among the poor exceeds that among the rich, being in Glasgow 
and Paris over twice as great. 

Sec 5. Mortality historically. — Death rates have been decreasing during sev- 
eral centuries. In London, where now the death rate is only 15, It was during 
the seventeenth and eighteenth centuries 40 to 50, and during 1680 to 1728, a 
period of pests, It rose as high as 80. Similar reduction has also been experi- 
enced in this country. In Habana the death rate after the American occupa- 
tion fell from over 50 to about 20. 
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Seo. 6. Adult and infant mortality. — ^The greatest reduction has been effected 
among children, although the death rate is still undoubtedly high. Statistics 
show that during the last thirty years the death rate up to 50 years of age has 
decreased, but that beyond 50 it has remained almost stationary. 

Sec. 7. Particular diseases, — The mortality from certain special diseases has 
greatly decreased. The tuberculosis death rate is now In E3ngland only one- 
third of what it was seventy years ago. The death rate from pneumonia now 
equals that of tuberculosis. Typhoid fever is decreasing. In Munich during 
1856 the mortality was 291 per 100,000 of population. The city at that time 
contained many cesspools. After these were filled up the typhoid rate fell to 10 
per 100,000 in 1887, making a reduction of 97 per cent. In Lawrence, Mass., 
after the public water was filtered in 1893 the typhoid-fever rate fell from 105 
to 22. Doctor Kober has shown that death rates from typhoid fever are great- 
est in cities in which the rivers* waters are polluted, the average for these 
cities being 62, as compared with 18 for cities using unpolluted water of 
impounded and conserved streams. Doctor Rosenau concludes that any com- 
munity having clean water and uninfected milk supply may be free from 
typhoid. 

Smallpox has greatly decreased since vaccination has been employed. In 
Prussia the death rate per 100,000 from smallpox between 1846 and 1870 was 
24. In 1874 vaccination was made compulsory, and the death rate for the years 
1875-76 fell to 1.5. Similar figures can be given for other places. The present 
outcry against vaccination is based on misinformation and on the general rea- 
soning that it is unnatural to introduce a poison into the blood. Statistics show 
clearly that vaccination decreases smallpox and lengthens life. Even though it 
were shown that the virus is injurious, it would be the lesser of two evils. 

Yellow fever in Philadelphia in 1793 caused the death of one-tenth of the 
city's population within six and one-half weeks. In 1900 it was found that a 
species of mosquito transmits this disease. The result of this applied knowl- 
edge is that the disease has practically disappeared in America. 

Summary of Part II. — Breadth of life versus invalidity. 

8UMMABT OF CHAPTER in — ^PREVALENCE OF SERIOUS ILLIfESS. 

Section 1. Loss of time, — Life is shortened by death and narrowed by Inva- 
lidity. The ideal life, with respect to health, would be free from illness and dis- 
ability of every kind. To approximate such an ideal is the aim of hygiene. It 
is usually true that the healthier a life the longer It will last. Humboldt main- 
tained that he had lived four working lives by retaining a working power double 
the average for double the average number of years. According to Farr, for 
every death there is an average severe sickness of two years, or for each death 
per year there are two persons sick throughout the year. This would mean In 
the United States that, as there are about 1,500,000 annual deaths, there will 
always be about 3,000,000 persons on the sick list, which Is equivalent to about 
thirteen days per capita. 

Sec. 2. Particular diseases. — There are constantly 111 in the United States of 
tuberculosis about 500,000 persons, of whom about one-half are totally incapac- 
itated, while the remainder are half incapacitated. The causes of various 
diseases are closely interwoven. Professor Sedgwick tells us that "Hazen's 
theorem " shows for every death from typhoid fever avoided by the purification 
of a polluted water supply two or three deaths are avoided from other causes. 
Hook-worm disease in the South is a chief cause of incapacitation, especially 
among the poor whites. For this reason the hook worm has been nicknamed the 
"germ of laziness." It Is believed that a sufferer from hook-worm disease is 
incapacitated from one-fourth to one-half of the time. 

The number of syphllltlcs In the United States has been estimated at 2,000,000. 
though from the nature of the case this figure is chiefly conjecture. The social 
diseases, syphilis and gonorrhea, are responsible for the existence of a large 
proportion of defectives of various kinds which fill our institutions. Among the 
troops In the Philippines the venereal morbidity, during the year 1904, was 297 
per 1,000, largely exceeding the morbidity from malarial fevers and diarrhea, as 
22 out of every 1,000 soldiers were constantly Ineffective from venereal disease — 
four times as many as from any other disease. The statistics outside of army 
and navy service are Impracticable, but there is some reason to believe that they 
might show an even larger morbidity. The social diseases, which certainly are 
preventable, are one of the gravest of the menaces to national efliciency. 
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American railways In 1907-8 killed nearly 11,800 and injared nearly 111,000 
persons. The deaths and disablements from accidents in industry, although 
less carefully recorded, also represent a great and needless impairment of 
efficiency. 

SUHMABY OF CHAFTEB IT — PREVALENCE OF MINOR AILMENTS. 

Section 1. Importance of minor ailments. — Minor ailments are far more com- 
mon than most persons realize. They are chiefly functional disorders, such as of 
the stomach, heart, nerves, liver, kidney, etc. These deserve more attention 
than they have hitherto received, because they are the gateway to more serious 
troubles. For Instance, those who neglect colds, or what seem to be colds, 
will be far more likely to become victims of tuberculosis or pneumonia. No 
statistics of the prevalence of minor ailments exist. Physicians, whose experi- 
ence gives them good opportunity to judge, place the time lost annually for each 
person from minor ailments at three or more days a year. 

Sec. 2. Preventahility of minor ailments. — Practically all minor ailments 
can be avoided by proper hygiene, public and private. Neurasthenia, so common 
In America, Is one of the most serious and Insidious introductions to grave 
disorders, and Is usually due to needless worry or failure to have adequate 
recreation. 

SUMMARY OF CHAPTER V — PREVALENCE OF UNDUE FATIGUE, 

Section 1. Strength, endurance^ and fatigue. — Strength Is measured by the 
force a muscle can exert once ; endurance by the number of times it can rei)eat 
an exertion requiring a specified part of the strength. Fatigue is a chemical 
effect, due to " fatigue poisons." Far greater differences exist between differ- 
ent persons in resi)ect to endurance than in respect to strength. Some " well " 
people become tired by a short walk, while others withstand hours of Walk- 
ing, running, or climbing. 

Sec 2. Alcohol and fatigue.— The "Committee of Fifty" found that alcohol 
gives no persistent Increase of muscular power. It Is well understood by all 
who control large bodies of men engaged in physical labor that alcohol and 
effective work are incompatible. Rivers, writing on the influence of alcohol on 
fatigue, found that when workmen were provided with a moderate amount of 
wine it resulted in a considerable diminution of their capacity for work. 

Sec 3. Tobacco and fatigue. — Athletes recognize that smoking interferes 
with one's " wind " or " staying power." " Inhaling " tobacco smoke brings 
carbon-monoxide directly into the blood stream. It is found that smoking In- 
creases blood pressure, which fact possibly partly explains the reduction In 
endurance. 

Sec 4. Diet and fatigue. — When excessive amounts of the protein element 
in food (exemplified In white of egg or the lean part of meat) are taken, they 
putrefy in the large intestine, producing *' auto-intoxlcation." For this and 
otlior Veasons, there Is a present tendency among physiologists to advise a 
rotlnction in the use of such foods from the amounts customary in many coun- 
tries, and osiiecially In the United States, Auto-lntoxIcatlon induces fatigue. 
The endurance of those using high protein and of those using low protein shows 
in general, although with some exceptions, that the former have less endurance 
than the latter. Whether the latter are vegetarian or not does not seem to 
matter. Exi>eriments show that thorough mastication leads instinctively to a 
reduction in protein. 

Sec 5. Exertion and fatigue. — Oxygen, whether taken naturally or artificially, 
increases the capacity for exertion. A judicious amount of exercise Is per- 
haps the chief factor in producing the highest state of muscular efllciency. 
Physical training, comprising exercise and other hygienic measures, will prob- 
ably make the capacity to withstand great exertion three or four times that 
possessed by most persons. 

Sec 6. The tcorkiug day. — The present working day, from a physiological 
standpoint, Is too long, and keeps the majority of men and women In a con- 
tinual state of overfatlgme. It starts a vicious circle, leading to the craving 
of means for deadening fatigue, thus Inducing drunkenness and other excesses. 
Experiments In reducing the working day show a great Improvement In the 
physical eflSclency of laborers, and In many cases results In even Increasing 
their output sufficiently to compensate the employer for the shorter day. Several 
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examples of such a result exist, but the real justification for a shorter work day 
Is found in the interest of the race, not the employer. One company, which 
keeps its factory going night and day, found, on changing from two shifts of 
twelve hours each to three shifts of eight hours each, that the efficiency of the 
men gradually increased, and the days lost per man by illness fell from seven 
and one-half to five and one-half per year. Public safety requires. In order to 
avoid railway collisions and other accidents, the prevention of long hours, lack 
of sleep, and undue fatigue in workmen. 

Sec. 7. The importance of preventing undue fatigue. — ^The economic waste 
from undue fatigue is probably much greater than the waste from serious ill- 
ness. This is because the number of fatigued persons is great enough to more 
than outweigh the fact that the incapacitation from fatigue is relatively small. 
Moreover, the relatively slight impairment of efficiency due to overfatigue leads 
to greater impairment from serious illness. A typical succession of events Is, 
first, fatigue, then " colds," then tuberculosis, then death. The prevention of 
undue fatigue means the arrest at the start of this accelerating chain of 
calamities. 

Summary of Part III. — Methods of conserving life, 

SUMMARY OF CHAPTER VI — CONSERVATION THROUGH HEREDITY. 

Section 1. Heredity and environment. — A wise and farsighted economy will 
lead the nation to couserve its vital resources by every possible method. These 
resources depend on two primary conditions, heredity and hygiene, or conditions 
preceding birth and coiulitious during life. In other words, vitality is partly 
inherited and partly acquired. A sound physical and mental inheritance Is a 
greater asset than the inheritance of extraneous advantages like wealth. Even 
in the Old World a degenerate nobility in the end receives less respect than a 
virile middle class. The effort to Improve vitality reaches its highest point in a 
nation when Its health ideals affect marriage. 

Sec. 2. Eugenics, — Galton, Pearson, and others are attempting to found the 
new science of '* eugenics," by which Is not meant any scheme of general govern- 
mental Interference with marriage, but the gradual establishment In public 
opinion of fundamental standards. Just as to-day the marriage of brother and 
sister Is unthinkable, Galton suggests that the time may come when marriage 
which obviously promotes degeneration will be equally tabooed. The result 
would be, not to make marriage more artificial, but less. Health, beauty, and 
vitality are much more natural objects of youthful admiration than titles or 
wealth, which now exercise, for the most part, a baneful Influence on marriage. 
To lessen the esteem for those false attractions and Increase that for natural 
attractions will tend not only to Increase the number of healthy marriages, but 
to give greater Importance to natural and normal love. The effect will be felt 
both In bringing about a larger proportion of marriages among the healthy and 
a smaller i)roportion among the unhealthy. It will also lead to a partial segre- 
gation by which the healthy will to a large extent marry among themselves, and 
thus leave the unhealthy either unmarried or compelled to make alliances in 
their own class. The result will be, in the struggle for race supremacy, that 
the healthy, thus separated off from the relatively unfit, will have a distinct 
advantage both In the number of offspring and In their vitality. 

Sec 3. Eugenics and law. — The only government influences which have been 
seriously suggested by eugenists are two: First, tlie offering of prizes or 
bounties to couples who conform to certain standards, in the same way as the 
French Government has encouraged the increase of its population by offering 
inducements to couples of the poorer class who raise seven or more children; 
second, to prevent marriage alliances among criminals, paupers, and the feeble- 
minded. Some laws on these subjects already exist in Connecticut, Michigan, 
and especially Indiana, where there Is a prohibition of marriage of all persons 
suffering from transmissible diseases. It Is also now provided in Indiana that 
confirmed criminals. Imbeciles, and rapists, when It is deemed advisable by 
experts, shall be unsexed. What such laws might accomplish may be judged 
from the history of two criminal families, the " Jukes " and the " Tribe of 
Ishmael." Out of 1,200 descendants from the founder of the " Jukes " through 
seventy-flve years, 310 were professional paupers, who spent In all two thousand 
three hundred years in poorhouses, 50 were prostitutes, 7 murderers, 60 habitual 
thieves, and 130 common crimhials. The loss of potential usefulness, cost of 
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prosecntloiis, expense of maintenance of Jaila, etc., Dugdale estimated to be 
$1,300,000 In Berenty-flTe years, or orer $1,000 for each member of tbe family. 
All these mifortnnate results could have been aToided had the original criminals 
in this family been sterilized under a law like that of Indiana. 

We have the more agreeable record of excellent human qualities inherited 
through successive generations in the Darwin, Hohenzollem, and other families. 

• 

SUHMABT OF OHAFTEB VH— CONSEBYATION THBOUOH PX7BLI0 HYGIENE. 

Section 1. Municipal hygiene. — ^The benefits of improved heredity can be ea- 
Joyed only by future generations. But we of the present day may conserve our 
vital resources through hygiene, practiced in one or all of three ways— public, 
semipublic, and personal hygiene. The first refers to govemm^ital regulation 
of health, the second to the professional or institutional care of health, and the 
third to the private life of the individual and the family. Every city now has 
its health board, yet few citizens realize that the protection rendered by these 
boards is more important than the protection by the police or fire departments. 
Much as is done by these'boards, there is enormous room for improvement, both 
in making regulations and in enforcing them by the aid of a more enlightened 
public opinion. The abatements of the nuisance and menace from spitting and 
from vitiation by smoke are cases in point Pure air is one of the primary 
necessaries of life, but only a small fraction of our countrymen actually enjoy 
this boon. To this end proper drainage and garbage removal and clean streets 
are needed. The transmission of disease by insects, flies, and vermin needs to 
be checked. A constant cause of mortality, among infants especially. Is an im- 
pure milk supply. The same danger exists in other dairy products, cream, 
butter, cheese, and ice cream. In Washington, owing apparently to the enact- 
ment of a law In 1895 regulating the sale of milk, the death rate from diarrhea 
and inflammation of the bowels among children under 2 years of age was re- 
duced from 160 or 170 to 135, then 109, 104, and hi 1906 to 97. Similar reports 
come from many other cities in this country and abroad. 

Sec. 2. State hygiene, — ^The regulation of the labor of wom^i and childroi 
is usually a state matter. It has been suggested by Doctor Stiles that every 
woman should be allowed once a month to leave a factory without being asked 
questions or losing wages. The employment of mothers before and after child- 
birth should be prohibited, as it is now In a number of European countries. 
This single reform would help greatly to conserve the vitality of the next 
generation. Child labor In the South is in many cases the lesser of two evils, 
the other being exposure to the hook-worm disease on polluted farms. In 
these cases, the abolition of child labor should be preceded by the abolition of 
hook-worm disease. Hours of labor have been steadily decreasing, and should 
be decreased further. Accidents are unnecessarily frequent on our American 
railroads, as well as in industrial establishments. Statistics do not' exist for 
the latter. Special trades have special dangers. Among such trades are those 
using lead and other dangerous poisonous chemicals, as well as the dust- 
producing trades which tend to pulmonary troubles. The dark room tenements 
are a conmion means In our large cities of depleting national vitality. 

Sec. 3. Federal hygiene, — This Includes quarantine, the inspection of im- 
migrants and exclusion of those with infectious diseases, administration of 
government hospitals, of pure-food laws and meat inspection, and cooperation 
with state boards of health in fighting yellow fever, bubonic plague, etc. 
Federal power needs extension, however. Our interstate railroads should be 
improved in respect to the sanitation of sleeping cars, smoking cars, etc 

The movement to secure a more intelligent national organization of health 
is now being pushed by the President, President-Elect, and Members of Con- 
gress, and has found expression In the recent platforms of both political parties. 
What is needed is that the Federal Government should make the national 
capital a model of sanitation, should provide for more investigation in health 
matters and the dissemination of information on the prevention of tuberculosis, 
etc., should cooperate further with state and municipal authorities, and should 
check the pollution of interstate streams and prevent the transmission of dis- 
ease-bearing meats or other food from one State to another. Lastly, it should 
secure, through whatever constitutional means exist, some method of collecting 
statistical information as to our national mortality and morbidity. Our short- 
comings in this respect are now a national disgrace. There is no accurate 
record of births In any part of the United States, and that of deaths includes 
less than half our population. As a statistician has said of one of the States, 
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** It buries its dead people with no more ceremony thnn It bnrles Its dend dogs." 
Obviously, no intellig^it control of epidemics and other diseases can be made 
unless the facts in regard to those diseases are known ; in other words, unless 
there exist mortality and morbidil^ statistics of real value. 

BUUMABr OF CHAPTEB VIII — OONSEBVATION THROUGH BEMIPUBUO HYGIENE. 

Section 1. Medical research and iMtmction, — Semipublic hygiene comprises 
that relating to institutions and the medical profession. The hygiene of the future 
must depend more on discoveries in preventive medicine than on any other 
single factor, and institutions such as the Pasteur Institute, the Rockefeller 
and the Carnegie institutes, and the research laboratories of the Government 
and universities offer the most promising means of increasing this most useful 
and practical of all human knowledge. The knowledge is dispensed through 
medical schools in the training of physicians. These schools are improving so 
as to introduce more of hygiene and preventive medicine. We are still far, 
however, from having facilities for training public health officers, or giving 
them such a degree as D. P. H. (diploma of public health), as is given in 
England. 

Seo. 2. The medical profession. — ^Antiseptic surgery has in the last century 
been the greatest triumph of the medical profession, and has given it a greater 
prestige than ever before. It has greatly reduced the mortality from opera- 
tions, and is illustrated by the figures in army operations. The mortality of the 
wounded in the Crimean war among English troops was 15 per cent The 
mortality in the Transvaal war, 1000-1901, was less than 6 per cent 

In the practice of medicine, the tendency is progressively to give up the use 
of violent drugs and to depend more on hygiene. Through the modem fight 
against tuberculosis, physicians have come to prescribe fresh air in their prac- 
tice generally. They are now turning In like maimer to exploit the resources 
of diet, exercise, bathing, and mental hygiene. 

There Is danger that these new fields will be preempted by quacks. Many 
quacks to-day, far from using patent medicines, oppose the use of any drugs 
whatever. In order that modem hygiene shall be applied by trained physicians, 
it is necessary that they provide more facilities in this direction. The leaders 
of the profession are making every effort to raise all members of their profes- 
sion to their own high standard. This standard not only alms to prevent mal- 
practice and unethical operations, but to set an example to the people in public 
service and in personal hygienic living. 

Sec. 3. Institutional hygiene, — Hospitals have done much to prevent disease 
by segregating Infectious cases. Institutions for the deaf and blind and other 
defectives have led to a better utilization of their powers. Institutional care of 
the insane has done much, too, but can do more. Mental hygiene as a whole needs 
to be more carefully studied and taught In all its relations^heredity, alcohol, 
syphilis, and environment. 

The modern sanitarium has become a useful institution for prevention of 
serious Illness, as distinct from the hospital, of which the function has been to 
cure. Department stores, hotels, and other commercial institutions are Install- 
ing ventilating and other hygienic apparatus. The churches are also taking 
part in the health movement, especially the Emmanuel Church in Boston. 

Sec. 4. School hygiene, — ^The hygiene of school children is especially impor- 
tant because of its application to human life in its early stages. There is a 
world-wide movement, led by Switzerland and some other countries of Europe, 
to obtain and apply knowledge of how to educate the mind without weakening 
the body. As it is, school children are especially exposed to contagious dis- 
eases, which under present conditions often sweep through a whole school be- 
fore the local health board even hears of it Quite as serious, if not more so, is 
the protecting of school children from imperfect seating, lighting, ventilation, 
and sanitation. 

Backward children, with defects of eye, ear, nose, or throat, are numerous, 
but experiments have shown that the majority could be Improved both in intel- 
lect and in morals. 

In respect to school hygiene, it is not so much lack of knowledge as lack of 
application of knowledge which is at fault In order to find and then correct 
defects of eyes, ears, teeth, etc., and properly apply our knowledge, medical 
inspection is necessary. Such inspections as have been made disclose an 
astonishing amount of 111 health, the percentage of morbidity being from 20 to 
60 per cent The committee on physical welfare of school children In New 
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York found that 66 per cent needed medical or surgical attention or better 
nourishment; 40 per cent needed dental care; 38 per cent had enlarged glands 
of the neck ; 31 per cent had defective hearing ; 18 per cent had enlarged tonsils. 

Eye strain is a particular evil of civilization, and makes Its first appearance 
in school when the scholar tries to accommodate the eye to the short range 
which reading requires, but for which the eye mechanism is not well adapted 
by nature. The evil effects of eye strain are not confined to that organ, but ex- 
tend to the whole nervous system, and Indirectly to the whole organism. 
Doctor Gould, who has made a special study of this subject, goes so far as to 
maintain that " eye strain is the chief source of the functional diseases of our 
citizens." 

At present medical inspection is the exception rather than the rule. Only 70 
cities In the United States outside of Massachusetts, and 32 cities and 321 
towns In Massachusetts, have systems more or less complete. New York em- 
ploys 150 physicians, who visit each public school once a day to examine chil- 
dren set aside for that puri)ose by the teacher. In Providence a fresh-air 
school for children suffering from tuberculosis has been established. The cost 
of the school per capita is about 50 ver cent more than the ordinary schools, 
but the results justl^ the expenditure. 

Our scholars are being seriously injured by nervous overstrain. Probably 
this Is not because too much work Is being required, but because the perform- 
ance of this work Is not accomplished economically. Some experiments seem 
to Indicate that children could accomplish as much intellectually with far less 
dissipation of nervous energy if they were in the schoolroom about half of the 
time now spent there. High pressure and long hours are bad economy in 
schools as in factories. 

Playgrounds conserve child vitality and are far superior to formal gymnastics. 
They provide physical training which accords with child Instincts, and keep the 
child out of mischief and often out of jail. Here, as elsewhere, the suppression 
by civilized and urban life of the Instinct for play and amusement is re- 
sponsible for much of what we call" crime " and " depravity." In school children 
should not only be surrounded by hygienic «ivlronment, but should be tanght 
the value of hygiene. The suggestion of an annual '* health day " or ** health 
week " may prove a fruitful one for this purpose. 

Sec. 5. Voluntary and business organizations, — Societies to prevent the spread 
of tuberculosis, social diseases, Insanity, etc., or to advocate labor or health 
legislation (state and national), are now numerous and active. It is being 
found that philanthropy and profit are not always antagonistic. Labor organi- 
zations are connecting the health movement with the eight-hour movement. 
Farsighted employers are providing social secretaries to watch over the health, 
comfort, and happiness of their employees, and are often eager for practical 
suggestions In these matters. 

Cori>oratlons that have Installed apparatus for ventilation and sanitation, 
even sometimes for the benefit of their machinery rather than their employees, 
have in known Instances gotten back the cost in lessened Illness and greater 
efficiency of work. 

An Interesting experiment near Paris was that of a mill employing 44 men 
and 75 women and children. Largely through the services, Instruction, and 
suggestions of a medical officer there was not a single death In three years. 

The temperance reform has to-day a powerful Impulse In the demands by 
employers for more efficient labor and by the public for greater safety in 
travel. Locomotive engineers, conductors, and ship captains who drink can not 
get employment. 

Life-insurance companies may possibly in the future realize their opportunity 
to make financial gains by participation in the health movement. 

Finally, one of the greatest potential agencies for bringing about health re- 
form is the public press. It is already Interested and active In the movement, 
although the good It does Is often undone by Inserting quack advertising. This 
not only does direct harm, but often ties the hands of the editor, prevaiting 
him from expressing any disapproval of nostrums, however injurious or 
immoral. 

SUMMARY OF CHAPTEB IX— CONSERVATION THROUGH PERSONAL HYGIENE. 

Section 1. Its importance. — Personal hygiene Is not only of direct Importance 
to the individual, but furnishes the public opinion from which, and from which 
alone, sound public and semipublic hygiene can spring. Public hygiene will be 
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Ineffective unless supported by personal hygiene. The milk and water supply of 
a city may be ideal as supplied at a dwelling, but may be carelessly contami- 
nated there. Observation shows that many of the world's most vital men and 
women have practiced hygiene and often thereby turned weait constitutions 
into strong ones. Ck>rnaro, the V^ietian nobleman, about to die at 37, adopted 
the *' temperate life," taking especial care not to overeat. He lived to be nearly, 
or quite, 100. 

Sec. 2. Branches of personal hygiene. — Personal hygiene comprises hygiene 
of environment (air, soil, dwellings, clothing), hygiene of nutrition, and hygiene 
of activity. The ideal conditions of health require purity in air, purity and 
proper use of food, and a proper balance between mental and physical activity, 
rest, and sleep. The present world-wide interest in personal hygiene and 
physical education is not due to any startling discoveries, but to the rediscovery 
of the importance of truths long Insisted upon by the medical profession. 

Sec. 3. The hygiene of environment, — The prime factor in environment is the 
atmosphere. Originally man was doubtless an outdoor animal. Civilization has 
brought him an indoor environment, and with it tuberculosis. Experiments In 
hospitals have shown that the agitation of the air by dry sweeping greatly 
increases bacteria. Air in a confined room may be contaminated by chemicals 
contained In wall paper, plaster, or mortar. The one place In which the Indi- 
vidual has most control over his air supply Is the bedroom. The fashion now of 
sleeping with wide-open windows, or even out-of-doors, Is certain to Improve 
American vitality. The windows of living and work rooms also may be open 
even In winter If a window board Is used to deflect the air upward and prevent 
a cold stratum forming on the floor. The outdoor life or the abundant use of 
fresh air Is an almost certain preventive of colds. This fact was commented 
upon by Franklin over a century ago, and has been rediscovered many times 
since, especially in the experience of army troops. The evils of bad air are not 
confined to Its chemical content. A room Is sometimes ** close " simply because 
it Is hot or overmolst or devoid of any air current. 

The effect of air on the skin and of radiation of heat from the body Is Im- 
portant. Consequently, a proper use of air involves a proper use of clothing, 
which needs to be both porous and light. 

Closely connected with air hygiene Is the hygiene of light. " Where sun and 
air enter seldom the physician enters often." The lighting of dwellings and 
schoolrooms Is especially Important with reference to the eyes. This Is true also 
of even the color and texture of the printed page we read. Probably one-fourth 
of all educated people in America suffer from disturbances due more or less to 
eye strain and Its numerous Indirect effects. 

Sec. 4. The hygiene of nutrition, — The scientific study of diet has only just 
begun, and few authoritative results can yet be stated. That diet has a dis- 
tinct relation to endurance has been rendered probable by many Investigations, 
which seem to show In particular that avoidance of overeating, and especially 
of excess in protein, and thorough mastication are wholesome rules. In the 
choice of foods the individual must be given a wide latitude. His own Instinct, 
restored and educated by avoiding food-bolting which blunts It, will probably 
be a truer guide than the wisest of physiologists. Diseased foods, such as 
oysters polluted with sewage, may transmit typhoid and other maladies. 

Sec 5. Drug habits. — Poisons, whether taken into the body or produced 
within, are Injurious. The commonest form of intoxication Is alcoholic. Its 
evils are becoming more apparent than ever before. As Metchnikoff says, It 
lowers the resistance of the white corpuscles, which are the natural defenders 
of the body. It predisposes to tuberculosis and numerous other diseases. 
The findings of the " Committee of Fifty " for the Investigation of the liquor 
problem are Important evidence of the evils of the use of alcohol, and these 
have not received the attention which they deserve. Absinthe in France is 
being recognized now as a distinct menace to the nation, and in Germany 
there Is a tendency toward a lessened use of alcohol In all its forms. But the 
movement against the abuse of alcohol has reached its highest point in 
America. 

The evils of tobacco are less and are less appreciated. Its stunting effects 
on the growing child are especially harmful. 

Sec 6. Activity hygiene. — It Is an encouraging sign of the times that baths 
are coming more Into vogue, both through the private bath tub for the wealthy 
and the public baths for the poor. During the last generation the Importance 
of exercise has come to l>e acknowledged, due largely to the growth of modern 
athletics. The athletic ideal of the Greeks was, however, higher than that 
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which now prevails in this country. Overexertion, physical and mental, is one 
of the chief American faults. The danger signal of fatigue Is seldom observed, 
and the Instinct for recreation and amusement is often stifled. 

Sec. 7. Bex hygiene, — Undue reticence on this subject is responsible for the 
general ignorance as to the extent to which the abuse of the sex relation is in- 
juring this and every nation, physically, mentally, and morally. Syphilis 
poisons the blood and affects all parts of the body. It makes the Individual a 
" bad risk " for life insurance companies for several years, and is likely to be 
transmitted to others through a kiss or through the use of a common towel, 
while the danger of transmitting from husband to wife, or vice versa, continues 
for many years. Syphilis is one of the few really hereditary diseases, and the 
saddest of all facts connected with it is that the guilty parent may escape and 
the innocent children suffer. Gonorrhoea, while usually cured without ap- 
parent impairment of health, destroys fertility, and for years after it has ap- 
parently ceased may be rea roused. It is responsible for a large number of 
the cases of infantile blindness and for a larger percentage of many of the 
serious troubles of women. The social diseases, while seldom assigned as a 
cause of death, are known to predispose to other diseases and greatly to 
shorten life. 

Sec. 8. Personal hygiene in general. — The cumulative effect of hygiene, or of 
lack of hygiene, needs emphasis. Breathing, eating, working, and sleeping are 
matters of daily habit. If they are wrong, the evil, however slight, being re- 
peated every day for many years, produces cumulative effects more subtle, but 
often more powerful, than the effects of sudden infection or accident 

SUM MAS Y OF CHAPTER X — ^ABE HYGIENIC MEA6UBE6 EUGENIC? 

Section 1. The prolongation of weak lives. — ^The question has been raised 
whether reduction in infant and chiid mortality will not weaken rather than 
strengthen the race by interfering with natural selection and favoring the sur- 
vival of the unfit. It is pointed out that the mortality at later ages of life has 
not decreased, as has that in the earlier age?. There is probably, however, a 
suflJcient explanation of this in the fact that the improvement in hygienic living 
has not as yet affected adults as much as children. Parents are quick to apply 
for the benefit of their children new methods of preventing disease, such as 
sterilizing milk, but do not take the same precautions for themselve& The 
hurry and stress of modem life has in fact tended to produce in some respects 
more unhygienic habits among adults than prevailed under the simpler condi- 
tions of a generation ago. 

Sec. 2. Children's diseases impair "both fit and unfit, — It must be borne in mind 
also that the same children's diseases and other causes which tend to kill the 
unfit child also tend to injure the proper development of the fit. CJonsequently 
a lessening of children's diseases will have the effect of not only prolonging 
weak lives, but also of prolonging and develophig the strong. Statistics, so far 
as available, appear to show that where infant mortality is the highest, mor- 
tality at all ages is high. 

Sec, 3. Fitness is relative to environment, — What is sometimes called degen- 
eration does not deserve that name. A lessening of physical strength, for 
instance, can not be called degeneration if conditions under civilization do not 
require the same physical strength as our barbarian ancestors needed. It is 
adaptation to existing conditions which measures fitness. 

Whatever danger of degeneration there may be from the care of the insane 
and defective classes can be avoided if the health ideals of the nation are strong 
and broad enough to meet the situation, for with these high health ideals will 
come a demand which will prevent the perpetuation of the unfit and through 
the mere force of public opinion lead in general to healthier marriages. 

SuHMABY OF Pabt IV. — Results of Conserving life. 

BUMMABY OF CHAPTEB XI — ^PROLONGATION OF LIFE. 

Section 1. Life is lengthening, — So far as we can judge from statistics of the 
average duration of life, it has been on the increase for three hundred and fifty 
years, and is now increasing more rapidly than ever before. During the seven- 
teenth and eighteenth centuries the increase was at the rate of about four years 
per century ; during the first three-quarters of the nineteenth century the rate 
was about nine years. At present in Massachusetts life is lengthening at the 
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rate of about fourte^i yean per century ; in Europe about seventeen ; and In 
Prussia, the land of medical discovery and its application, tw^ity-seven. In 
India, where medical progress is practically unknown, the life span is short 
(twenty-five) and remains stationary. 

Sec. 2. Tal>le showing further practicable prolcngatUm, — It is possible to 
estimate the effect on the length of life of the partial elimination of various 
diseases. Using the statistics, experience, and estimate of 18 physicians as 
to the preventability of each of the list of 90 causes of death, we find that the 
length of life could easily be increased from forty-five to sixty, an increase of 
one-third, or fifteen years. This would result in a permanent reduction in 
death rate of about 25 per cent The principal reductions would be from infan- 
tile diarrhea and enteritis, over 60 per cent of which could be prevented, with 
the result of an addition to the average length of life of 2.32 years. Broncho- 
pneumonia, also an Infant disease, could be prevented to the extent of 50 per 
cent, whereby life would be lengthened by 0.60 year. Meningitis, which is 
usually fatal at the age of two, could be prevented by at least 70 per cent, and 
this prevention would lengthen the average life by 0.60 year. Eighty-five per 
cent of death by typhoid fever is unnecessary, and if avoided would lengthen 
life at least 0.65 year. It would be feasible to prevent at least 75 per c^t of 
cases of tuberculosis of the lungs, and thereby to lengthen life by about two years. 
If the deaths from violence were reduced only 35 per cent, human life would be 
increased by 0.86 year. The prevention of 45 per cent of cases of pneumonia 
would lengthen life by 0.94 year. These seven diseases alone could easily be 
reduced by these amounts so as to lengthen life by eight years. This could be 
done simply through insistence by the public on pure milk, pure water, pure 
air, and reasonable protection from accidents. 

Sec. 8. Diagram shotoing effect of prolongation at different ages. — If we take 
the diagram representing the life table of Massachusetts for 1893-1897, we may 
use it as the basis for constructing an ideal curve to show the effect of preven- 
tion if applied according to the ratios of prevention given in the preceding 
table. The results agree substantially with those found in the table and show 
that about thirteen or more years could easily be added to the average duration 
of life. The diagram also shows the extent to which the additional life would 
fall in different ages. The per cent of life which would fall to the ages between 
17i and 60, taken as the working period, would remain the same, namely, about 
55 per cent. 

Sec. 4. Fifteen years a safe minimum estimate of prolongation possible, — 
The estimate of fifteen years is a minimum because, first, it takes no account 
of future medical discoveries, such as a method of curing or preventing cancer 
and of postponing old age, as would Metchnikoff ; second, it takes little account 
of the cumulative influence of hygiene. The full benefit of hygiene can not be 
felt until it is practiced throughout life, and not at the approach of specific 
danger. Most so-called " causes " of death are merely the last straws which break 
the camel's back. When a pure water supply prevents deaths from typhoid 
fever, it prevents two or three times as many deaths from other causes. Third, 
it takes no account of the racial effects of new health ideals leading, in a general 
way, as they must, to healthier marriages. 

Sec 5. Need of lengthening human life. — With increase of knowledge the 
period of education or preparation for life must constantly increase. This fact 
creates a need for a longer life, with the later periods of life increased in pro- 
portion. The result of such a prolongation will be not the keeping alive of 
invalids, but the creation of a population containing a large number of vigorous 
old men. Metchnikoff says, "The old man will no longer be subject to loss 
of memory or to intellectual weakness; he will be able to apply his great 
experience to the most complicated and most delicate parts of the social life." 

Sec. 6. The normal lifetime. — It is usually recognized that human life is 
abnormally short, but no exact determination has ever heea made of what 
constitutes a normal lifetime. Flourens maintains that a mammal lives five 
times the length of its growing period, which would mean, since the growing 
period for man does not cease until about 30, a normal human lifetime of 
one hundred and fifty year& Another method of estimating normal life is to 
reckon the length of normal life as the time when old age now sets in, 83 years. 
But clearly, if Metchnikoff is right in thinking that old age itself is abnormal, 
the normal lifetime must exceed 83. Many remarkable cases of longevity are 
on record, but most cases of reputed centenarians are not authenticated. 
Drakenburg's record was authentic, and he lived to be 146. Mrs. Wood, of 
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Portland, Greg., recently died at 120. To wliat extent these exceptional caaea 
could be made common can not, as yet, be known. 

SUMMABY OF CHAPTEB XII — THE MONET TALTJE OF INCREASED VITALITT. 

Section 1. Money appraisal of preventable icastes, — Doctor Farr has esti- 
mated the net economic value of an English agricultural laborer at yarious times 
of life by discounting his chance of future earnings after subtracting the cost 
of maintenance. On the basis of this table we may construct a rough estimate 
of the worth of an average American life at various ages, assuming that only 
three-fourths of those of working age are actually earners of money or house- 
keepers. It gradually rises from a value of $90 in the first year to $4,200 at 
the age of 90, and then declines until it becomes negative for the higher ages. 
This estimate assumes $700 per year as the average earnings in middle life. 
This is largely conjecture, but is regarded as a very safe estimate. Applying 
this table to the existing population at various ages In the United States, we 
find that the average value of a person now living In the United States is 
$2,900, and the average value of the lives now.sacrlfled by preventable deaths 
Is $1,700. The latter Is smaller than the former because the age of the dying 
Is greater than the age of the living. Applying the $2,900 to the population of 
eighty-five and a half millions, we find that our population may be valued as 
assets at more than $250,000,000,000; and since the number of preventable 
deaths is estimated at 030,000, the annual waste from preventable deaths Is 
630,00(r times $1,700. or about $1,000,000,000. This represents the annual pre- 
ventable loss of potential earnings. 

We saw in Chapter III that there are always 3,000,000 persons in the United 
States on the sick list, of whom about 1,000,000 are in the working period of 
life and about three-quarters are actually workers and must lose at least $700, 
which makes the aggregate loss from illness more than $500,000,000. Adding 
to this another $500,000,000 as the expense of medicines, medical attendance, 
special foods, etc., we find the total cost of Illness to be about $1,000,000,000 
per year, of which It Is assumed that at least one-half Is preventable. Adding 
the preventable loss from death, $1,000,000,000, to the preventable loss from 
illness, $500,000,000, we find one and a half billions as the very lowest at which 
we can estimate the preventable loss from disease and death In this country. 
The true figures from the statistics available may well amount to several times 
this figure, but when statistics are based partially on conjecture, they need to 
be stated with special caution. 

Sec. 2. The cost of conservation. — In Huddersfield the annual deaths of in- 
fants for ten years had been 310. By systematic education of mothers, the 
number in 1907 was reduced to 212. The cost of saving these 98 lives was 
about $2,000, or about $20 each. Gen. I^eonard Wood declared that the discovery 
of the means of preventing yellow fever saves annually more lives than were 
lost in the Cuban war. The hook-worm disease In the South ini]mirs the 
earning power of Its workmen by 25 or 50 per cent. To restore this earning 
power costs, by curing this disease, on an average, less than $1 for each case. 
These and other examples show that the return on investments In health are 
often several thousand per cent per annum. Probably no such unexplolted op- 
portunity for rich returns exists in any other field of investment. An actuary 
suggests that If Insurance companies should combine to contribute $200,000 a 
year for the purpose of Improving the public health, the cost would be one- 
eighth of 1 per cent of the premiums, and It would be reasonable to expect a 
decrease In death claims of much more than 1 per cent Even this 1 per cent 
would make a profit of more than seven times the expense. 

SUMMABT or CHAPTER XHI — THE GENERAL VALUE OF INCREASED VrTALITT. 

Section 1. — Disease^ poverty, and crime, — Money estimates of waste of life 
are necessarily Imperfect and sometimes misleading. The real wastes can only 
be expressed In terms of human misery. Poverty and disease are twin evils 
and each plays Into the hands of the other. From each springs vice and crime. 
Again, whatever diminishes poverty tends to improve health, and vice versa. 

Sec. 2. Conservation of natural resources. — The conservation of our natural 
resources — land, raw materials, forests, and water^wlll provide the food, 
clothing, shelter, and other means of maintaining healthy life, while the con- 
servation of health likewise tends In many ways to conserve and Increase 
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wealth. The more vigorous and long-lived the race, the better utilizatio& It will 
make of its natural resources. This will be true for two reasons in particular : 
First, the greater inventiveness or resourcefulness of vigorous minds in vigorous 
bodies. Civilization consists chiefly in invention and the most progressive nations 
are those whose rate of invention is most rapid. Second, the greater foresight 
and solicitude for the future. As it is usually the normal healthy man who 
provides life insurance for his family, so it will be the normal healthy nation 
whch will take due care of its resources for the benefit of generations yet 
unborn. 

8UMMABT OF CHAPTEB XFV — THINGS WHICH NEED TO BE DONE. 

Section 1. Enumeration of principal measures. — Federal, state, and municipal 
boards of health should be better appreciated and supported. Their powers of 
investigation, administration, and disseminating information should be en- 
larged. School hygiene should be practiced, and personal hygiene more empha- 
sized. The multiplication of degenerates should be made impossible. 
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INTBODUCTIOIT. 

At the conclusion of his White House address on the " Conserva-. 
tion of Natural Resources,'' President Roosevelt said : 

Finally, let us remember that the conservation of our natural 'resources, 
though the gravest problem of to-day, is yet but part of another and greater 
problem to which this nation is not yet awake, but to which it will awalse in 
time, and with which it must hereafter grapple if It is to live — ^the problem of 
national efficiency. 

The conditions on which national efficiency depend may be classi- 
fied under three heads: Those relating to physical environment, 
those relating to social environment, and those relating to human 
nature. Under the first head comes the problem of the conservation of 
land, forests, minerals, and water. The second comprises social ques- 
tions, whether political, economic, or religious. The third covers 
the study of the characteristics of man himself — physical, mental, and 
moral. 

This report falls under the third head, concerning as it does vital- 
ity, the measure of life itself, and the basis of all human qualities. 
The object is to review briefly the condition of American vitality, 
contrasted with the vitality oi other nations; to show the extent to 
which it may be increased ; and to point out the value of such an 
increase in years of life, enjoyment of life, and economic earnings. 

The world is gradually awaKening to the fact of its own improvabil- 
ity. Political economy is no longer the " dismal science," teaching 
that starvation wages are inevitable from the Malthusian growth 
of population, but is now seriously and hopefully grappling with 
the problem of abolition of poverty. In like manner hygiene, the 
youngest of the biological studies, has repudiated the outworn doc- 
trine that mortality is fatality, and must exact a regular and in- 
evitable sacrifice at its present rate year after year. Instead of this 
fatalistic creed we now have the assurance of Pasteur that " It is 
within the power of man to rid himself of every parasitic disease," 
as well as the optimistic writings of Metchnikoff and others. 

Many evidences of a world-wide awakening to the importance of 
improving human vitality can be jpfiven. Among them are the recent 
English parliamentary report of the interdepartmental conmiittee 
on physical degeneration (prompted by the fact that the English 
army recruits were decreasing in stature) ; in America^ the many 
societies and congresses to prevent and control tuberculosis, insanity, 
alcoholism, social diseases and vice, and infant mortality; the growth 
of preventive sanatoria, dispensaries, and similar institutions; the 
establishment of numerous journals of preventive medicine, both 
technical and popular; the increased attention to the subiect of 
health in the public press; the spread of athletics and the pnysical 
training movement; the growth of the custom among city people to 
636 
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organize country clubs, and the increasing popularity of golf and 
similar recreations ; the constant agitation aua legislation m refer- 
ence to child labor, slaughterhouses, impure foods, milk supply, and 
water contamination; the increased vigilance of health boards; the 
growth of sick-benefit associations and insurance among working 
men; the efforts toward improving the sanitary surroundings and 
hours of labor of workmen, and especially of women and children, 
and, finally, the movement to secure a national organization of health 
at Washington. 

A number of universities are supporting special investigations in 
physiology, hvgiene, and preventive medicine. Some schools also 
nave placed the allied subjects of domestic science and dietetics on 
their curricula, while phvsical education is receiving constantlv in- 
creasing attention. Within a generation every important college, 
school, and branch of the Young Men's Christian Association has 
come to have a gymnasium and classes in gymnastics. Research insti- 
tutions are being established, such as the Rockefeller Institute for 
Medical Research, the fund established by Mrs. Sage to study dis- 
eases of old age, and the Memorial Institute for Infectious Diseases. 
The home-economics movement is rapidly growing and seems destined 
to improve greatly the management of American homes. 

The practice of medicine, which for ages has been known as the 
"healing art," is undergoing a gradual but radical revolution. The 
change is based on the conviction that an ounce of prevention is 
worth a pound of cure. As teachers and writers on hygiene, as 
trainers for athletes, as advisers for the welfare departments of large 
industrial plants, and in many other directions, pnysicians are find- 
ing fields for practicing preventive medicine. There is a still higher 
stage of medical science than that of fighting or preventing disease 
in the individual — ^the stage which has been callea " biological engi- 
neering," i. e., the study of the conditions under which the individual 
may reach his highest efficiency. In the development of this science 
physicians are turning from private practice to public service and 
are acting as health officers in federal, state, and citv governments, 
as heads of sanatoria and as medical inspectors of schools, factories, 
mines, and shops. Even the family physician is in some cases being 
asked by his patients to keep them well instead of curing them after 
they have fallen sick. 

Finally, we have also the suggestion by Sir Francis Galton of the 
new science of eugenics, which seeks to study the hereditary condi- 
tions of human vitality. He has established a research fellowship 
on the subject at the University of London. Already Karl Pearson 
and others have made valuable contributions to the study of human 
degeneration, the effect of tuberculosis on the race, the comparative 
number of offspring of various classes, and the extent to which 
mating is " assortative," so that like marries like. 

With all these facts in view it requires no great prophetic vision 
to see that among the rising generation there wUl be a great move- 
ment to conserve human life and health. The power and success of 
this movement will depend upon the realization of its stupendous 
importance. A chief object oi this report is, in a conservative and 
cautious manner, to help make this importance clear. 
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Part L— THE LENGTH OP LIPE VERSUS MOBTALITY. 

Chapter I. — The length of life. 

Section 1. — In different places. 

By those who have never considered the problem, death and disease 
are accepted as a matter of course. In individual cases it is recog- 
nized that a death or an illness might have been prevented, but the 
idea that the death rate could be changed in any appreciable degree, 
or controlled, is quite foreign to the mind of me average man. 
Charles Babbage wrote : " There are few things less subject to fluctua- 
lon than the average duration of life of a multitude of individuals." • 

If this statement were correct, we should find the average duration 
of life * and the death rate substantially the same in different places 
and at different times. The facts do not conform to this view. 
Modem life tables show that the average length of life in the leading 
countries of the world varies remarkably, as the following figures 
will illustrate.* 

Modem duration of life. 



Country. 


Male3. 




Sweden, 1891-1900 


W.9 
50.2 
4&7 
44.1 
441 
42.8 
41.0 
23.0 


£3.6 


Peninwk, 189.'>-1900 , . . 


53.2 


France, 1898-1903 


49.1 


England and Wales, 1891-1900 


47.7 


United States ( Massachusetts, 1893-18U7) « 


46.6 


Italy, 1899-1902 


43.1 


Prussia. 1891-1900 


44.5 


India, 1901* 


24.0 







* Samuel W. Abbott. M. D. : " Vital Statistics of Ma.ssachuRetts for 1897," Thirtieth 
Annual Report of the State Board of Health of Mn.ssac'uisotts. 1898. 

* Statlstlqucs Generale de la France : Statlstlques Internationales, etc., 1907, p. 566. 
See also J. A. Balne.s, " The Peradventures of an Indian Life Table, Journal Royal Sta- 
tistical Society, 1908. Vol. LXXI, part 2, p. 310, where the average duration of life for 
males is given as 23.6. 

When we consider that the average duration of life in India is 
scarcely more than one-half that of France and less than one-half 

<» Charles Babbage: A Comparative View of the Various Institutions for the 
Assurance of Lives, p. 15. London, 1826. 

* By average duration of life or the life span is meant the average length of 
life among a large number of persons bom taken at random. It is not the same 
as the average age at death in a community during a year, since that com- 
munity may contain an abnormally large proportion of infants, or of any other 
" age group." 

^^ Some of the figures, especially those for India, rest on imperfect data, but 
they are believed to be sufflciaitly accurate for general comparison. 

638 • 
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that of Sweden, we must conclude that the length of human life is 
dependent on definite conditions and can be increased or diminished 
by a modification of those conditions. 

Section 2. — At different times, ^ 

Striking corroboration of this conclusion is found as soon as we 
compare the average duration of life at different periods of time. 
The earliest attempt to discover a law of human mortality appears to 
be that of Ulpian, a Roman pretorian prefect, about 220 A. D. The 
meaning of his table is somewhat doubtful, but it is assumed to refer 
to " expectation of life," which for ages up. to 20 is given as thirty 
years." 

This estimate is so crude and vague as to be of little value for 
comparative purposes. Professor Finkelnburg, of Bonn, estimates 
that^ 

The average length of human life in the sixteenth century was only between 
eighteen and twenty years, and that at the close of the eighteenth century it 
was a little over thirty years, while to-day it is between thirty-eight and forty 
years.* 

In Geneva the records go back over three centuries showing the fol- 
lowing life span:** 

16th century 21.2 

17th century 25.7 

18th century - 33.6 

1801-1883 _• 39.7 

Here we see an increase in the span of life of 100 per cent in three 
or four centuries. The last few decades, moreover, tell a striking story 
of increase. It is one of the boasts of the nineteenth century that the 
splendid medical and scientific advances of that period have aided in 
a distinct lengthening of life. 

In 1693 the British Government borrowed money by selling an- 
nuities, and in 1790, a century later, it did the same thing. While 
the first venture proved satisfactory, the second caused a great loss to 
the Government, owing to the improvement in longevity which had 
taken place, and which was estimated, for the annuitant class, at 
20 years.*' 

If we compare Ogle's English life tables for 1871-1881 with those 
of Farr for 18.58-1854, we find an increase in life span of 1.4 years 
for males and 2.8 for females.*' 



« See Irving Fishor: Mortality Statistics of the United States Census, Publica- 
tions of the American Economic Association, Monograi)h on Federal Census, 
1809, p. 157. Taken from Assurance Maj^azine, VI, p. 314; note. 

^ (ieorge M. Kober, M. D. : " Conservation of Life and Health by Improved 
Water Supply," publications of conference on the conservation of natural re- 
sources, 19()S. p. 23. Washington. D. C, privately published. From Finkeln- 
burgs' ** Organisation der offentl. Gesundheitsphlage in der Kulturstaaten " in 
Uaudbuch der Hygiene, 1803. 

'^ From Mallet in "Annales d' Hygiene," XVII, 1C9; quoted by Dr. Edward 
Jarvis, " Political Economy of Health," in Fifth Annual Report, Mass. Board of 
Health, 1874. 

'^ See Dr. Southward Smith, Transactions British Social Science Association, 
1857, p. 498, quoted by Dr. Edward Jarvis, ibid. 

«^R. Mayo-Smith; Statistics and Sociology, p. 17a New York (MacmlJlan), 
1895. 
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A still greater improvement has been effected since Ogle's figures 

of 1871-1881: 

Lifetime in England and Wales: 

Males — 

1838-1854 89.9 

1891-1900 44. 1 

Females — 

1838-1854 41.8 

1891-1900 47. 8 

Similar improvements are observable in other countries. 

Lifetime in France: 

Males — 

1817-1831 - 38. 3 

1898-1903 45. 7 

Females — 

1817-1831 40. 8 

1898-1903 49.1 

Lifetime in Prussia: 

Males — 

1867-1877 35. 3 

1891-1900 41. 1 

Females — 

1867-1877 37. 9 

1891-1900 44.6 

Lifetime in Denmark: 

Males — 

1835-1844 42. 6 

1895-1900 50.2 

Females — 

1835-1844 - 44.7 

1895-1900 53.2 

Lifetime in Sweden : 

Males — 

1816-1840 w 39.5 

1891-1900 50.9 

Females — 

1816-1840 - . 43. 5 

1891-1900 53. 6 

It is difficult to obtain American life tables that go far enough back 
into history to display increases in the life span similar to those just 
presented ; yet comparisons of Abbott's Massachusetts life tables for 
1893-1897 with Elliott's Massachusetts tables for 1855 and Wiggles- 
worth's Massachusetts and New Hampshire life tables of a century 
ago give us a progressive increase from 35 in 1789 • to 40 in 1855 * 
and 45 in 1893-1897.^ Unfortunately no tables exist for the United 
States as a whole from which similar comparisons might be made. 
Good and reliable vital statistics are among our most crying needs. 
Meech's life tables, based on the census figures of 1830, 18^, 1850, 
and 1860, showed a life span for the whole country of 42.* 

«B. Wigglesworth : "Table showing the probability of the duration, the 
decrement and the expectation of life in the States of Massachusetts and New 
Hampshire, formed from 62 bills of mortality on the files of the American 
Academy of Arts and Sciences in the year 1789." Memoir of the American 
Academy of Arts and Sciences, Vol. II, p. 133. 

^Proceedings American Association for the Advancement of Science, 1857, 
pp. 61 and 69. 

^Abbott, loc. cit. 

<»Levl W. Meech: System and Tables of Life Insurance, ed. of 1886, pp. 
255-259. The figures for life span at different periods given in this paragraph 
have been secured by averaging the figures for males and females. 
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The census of 1880 cave some 70 sets of life tables for different 
registration States and cities. The expectation of life for white 
males was given for Massachusetts as 44, New Jersey 46, District of 
Columbia 41, and New York City 33, but in constructing the tables 
" the census was too prodigal as to quantity and somewhat careless as 
to quality. It is difficult to separate the wheat from the chaff. The 
table should have been accompanied by a running criticism. The 
general defect was that no attempt was made to correct the deficiencies 
in the returns for infants."** The census for 1890 gives only a few 
life tables, and that for 1900 none. 

In striking contrast to these recent increases of the life span in 
progressive countries is the table for backward India, which showed 
no advance in twenty years.* 

Lifetime in India : 
Males — 

1881 23.7 

1903 23.6 

Chapter II. — The mortality rate. 
Section 1. — Relation of longevity and mortality. 

The average duration of life and the death rate*' are two comple- 
mentary magnitudes. An increase in the life span means a decrease 
in the death rate, and vice versa ; in fact, in a " stationary " popula- 
tion (a population in which the annual number of deaths equals the 
annual number of births, and without emigration or immigration), 
it will be true that the average duration of life and the death rate 
are mathematically the " reciprocals " of each other.* Thus, if the 
death rate is 20 deaths per annum for each 1,000 of population (i. e., 
twenty one-thousandths per annum), the average duration of life 
would be -4J^ = 50 years. 

If this reciprocal relation between duration of life and mortalitv 
held true in every population, it would be easy to translate death 
rates into average duration of life, and conversely ; but unfortunately 
f:uch a simple calculation is impracticable under conditions existing 
in America, and even in most countries of Europe. With the ex- 
c3ption of France, few countries have even approximately an equality 
between deaths and births and an absence of emigration and im- 
migration. In America, where the deaths are exceeded by the births, 
and where there is a large immigration of young men and women in 
the prime of life, the death rate is smaller than it would be if our 
population were " stationary." The annual death rate in the United 

« Fisher: Mortality Statistics of the United States Census, American Eco- 
nomic Association Monograph on the Federal Census, 1899, p. 160. 

* Baines : " The Peradventures of an Indian Life Table," Journal of the 
Royal Statistical Society, 1908, Vol. LXXL, pt. 2, p. 310. 

<^A death rate is the ratio of the number of deaths during a year to the popu- 
lation, taken at some point in the year, usuaUy the middle. 

<* For a short explanation of this reciprocal relation, which Is more fully 
explained in works on actuarial science, see Fisher : Mortality Statistics of the 
I'nlted States Census, pp. 149-150. It is interesting to see the graphic in- 
terpretation of this reciprocal relation by means of the diagram in Chapter 
XI of this Report 

72639— S. Doc. 676, 60-2, vol 3 41 
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States is probably about 18 per thousand^ of popuIatioiL The 
reciprocal of this would be 1,000-7-18, or 55 years, wnich is altogether 
too high an estimate for the average length oi life in the United 
States. 

It is possible to " correct " the death rate for ** 9^ distribution " so 
that its reciprocal will be the true average duration of life, but the 
calculation is a difficult and tedious one. We are forced, therefore, 
to get along in most cases with the " crude death rate," or the (quo- 
tient of the number of deaths in a year divided by the population. 
This figure is much easier to obtain than a corrected death rate or its 
reciprocal, the average duration of life. 

Our data for death rates are far more voluminous than our data 
for the average duration of life. Although theoretically death rates 
are not an imerring indication of longevity, they furnish in practice 
very valuable information. In a general way death rates may be 
compared with each other, especially in the same community. For 
instance, a decrease in the deatn rate m New York City from one year 
to another is practically a certain indication of improvement in vital 
conditions. 

Section 2. — Mortality in various regions. 

Forty years ago the variations in the death rates of the different 
sections of Europe were given by Quetelet * as follows : 

^ Death rate per 1,000 population. 

Northern Europe 24. 3 

Central Europe 24. 6 

Southern Europe . 29. 7 

To-day the death rates of various countries compare with each 
other as in the following table: 

Modem death rates per 1,000 of population.^ 

Denmark (1906) 13. 5 

Sweden (1906) 14. 4 

England and Wales (1906) : 15.4 

United States (registration area) (1907) 16.5 

Germany (1905) 19. 8 

France (1906) 19.9 

Italy (1906) 20. 8 

Japan (1905) 21.9 

India (males,* 1901) , 42.3 

As we found in the study of duration of life, so we find here wide 
variations from country to country. Italy presents a death rate 
larger by nearly one-sixth than that of the United States, while 
famine-tortured and plague-ridden India's mortality rate is twice 
that of France and three times the rates of Denmark and of Sweden. 

« W. F. Wlllcox : " Death Rate of the United States In 1900," publications 
of the American Statistical Association, Vol. X, p. 155. 

* Quetelet, Physique Soclale, Vol. I, p. 281. These figures refer to the ex- 
perience of different periods between 1801 and 1831. 

<^ With the exception of the figures for India, this table is taken from figarsB 
furnished by the Bureau of the Census. 

* Baines, loc. cit, p. 310. 
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Even the fairly homo^neous population of our registration States 
in America shows variations in death rates.* 

Death rate per 1,000 populatUm M 1900. 

Michigan — . 13.9 

Vermont 17. 

Massachusetts 17. 7 

New York 17. 9 

The death rate in Michigan, at the one extreme, is thus but three- 
fourths that of New York at the other extreme. This difference may 
probably be accounted for in part by the difference in the age con- 
stitution, as the population for Michigan contains a larger propor- 
tion of population in young and vigorous life than does New York. 

Section 3. — Urban and rural mortality. 

Comparison of urban and rural death rates also gives us varia- 
tions.* 

Death rates per 1,000 population in 1900. 

Massachusetts : 

Urban 17.9 

Rural 17. 1 

Michigan : 

Urban 15.3 

Rural - 13. 3 

New Jersey: 

Urban 18. 8 

Rural 15. 5 

Interesting comparisons may be made of the death rates of Ameri- 
can cities varying in size and location. The death rate per 1,000 of 
population in 1906 was given '^ as 14.2 (probablv incorrect) in Chicago, 
m Boston 18.9, in New York 18.6, and in Philadelphia 19.3. Cleve- 
land, Ohio, was credited with a death rate of but 16, while Cincinnati, 
in the same State, had 20.8. The causes of such differences are not 
always attributable to variations in size. New Haven, for instance, 
a larger Connecticut city than either Hartford or New London, had a 
lower death rate in 1900 by 2.2 and 2.5, respectively, per 1,000 popu- 
lation. The differences are accounted for partly by differences in 
age constitution, partly — it is imfortimately true — ^by differences in 
the accuracy of the collected statistics, partly by differences in size 
and location, and partly by differences in the vigilance of the public 
and private health authorities. 

European cities show even greater variations in mortality than 
these just given for the United States. 

« Twelfth Census of the United States, Vol. Ill, p. LVIII. 

• United States Census Bulletin, No. 83, 1901. 

« Seventh Annual Census Beport on Mortality Statistics, 1906. 



Digitized by 



Google 



644 



BEPOBT OF KATIOKAL 0DN8ESVATI0K OOlfMISSION. 



L 


)eath rates 0/ Buropean oMes per 1/m population, 1997 • 




LocaUty. 


Hlgb. 


LooaUty. 


Low. 


Dublin. 


80.9 
36.9 
31.8 
31 


Fr^iir^rt m* the Main 


15.6 


Moscow... 


The Hague 


16.3 


'RAlftutt . ... 


Umifn 


17 


St. Petersburg 


Amfrtwdam ... . 


17. S 









*One must doubt, howeyer, the accuracy of some of these figures, eepeclally the 
Russian. The rates In Moscow and St. Petersburg In 1906 are reported as 25.8 and 25.5, 
respectlyely, which do not comport with the rates for 1897. 

Section 4. — Race and oondUion, 

The variations in death rates among different races are well known. 
The black race, for example, always suffers a higher mortality than 
the white. In Boston during the half century from 1725 to 1774 the 
death rate per 1,000 is given as ranging from 56 to 87 for the blacks 
and only from 30 to 41 for the whites. Thus the maximum white 
death rate was lower than the minimum black death rate.* 

In 1906 the death rate per 1,000 in all registration cities having not 
less than 10 per cent colored inhabitants was 17.2 for whites and 28.1 
for blacks. 

These racial differences may be ascribed in part to different habits 
and conditions of life, but probably in part also to varying racial 
susceptibility to disease. 

The relation of social status to the rate of mortality has been often 
discussed and offers a partial explanation of racial or national varia- 
tion of death rate. That a well-to-do class, properly fed and clothed 
and with opportunity for leisure, will be less susceptible to disease 
and death tnan a poverty-stricken class, ill-fed and overworked, has 
been repeatedly shown by statistics. Newsholme has stated,^ for ex- 
ample, that in Glasgow the death rate among tenants of large houses 
is much lower than among the tenants of smaller dwellings : 





One and two 
room houses. 


Three and 

four room 

houses. 


Fiverooma 
and over. 


DfMth TfiU^ Pflr 1 .000 OOCUDftZltS in 1885. ...... .rrxr^r-rr-Tr^.rT-- 


27.7 


10.5 


•* U.2 







In Paris comparison has been made betwe^i two quarters known to 
be rich, on the one hand, and, on the other, a third quarter known to 
be poor. 

Death rate per 1,000 population,<^ 
Rich quarters: 

Elysee 13.4 

Opera 16. 2 

Poor quarter: 

Meuilmontant 31. 3 

<» Lemuel Shattuclj, "The Vital Statistics of Boston," p. xlll. Reprinted in 
" Bills of Mortality, 1810-1849," city of Boston, 1893. 

^Arthur Newsholme, "Vital Statistics," London (Swan Sonnenschein), 1899, 
p. 163. 

«> B. Levasseur, " La Population Francalse," Paris, 1891, VoL II, p. 408. 
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In Russia a similar oompariscxi has been made between peasants 
who own no land, those who own less than 13^ acres, those who own 
between 13^ and 40i acres, and so on up the scale of proprietorship.® 

Peasant death rate per 1,000, Government of Voronezh, 1889-1891. 



Class of household. 



Per 1,000. 



HftTing no land 

Having less than 18 J& a 

Having 13.5 and less than 40.6 acres. 
Having 40.5 and less than 67.5 acres. 
Having 67.5 and less than 135 acres . 
Having more than 135 aares 



84.7 
82.7 
80.1 
25.4 
23.1 
10.2 



Occupational comparisons are often made; and while they must be 
handlea with great care, especially because of differences in age, the 
following may be said to display roughly the variations in death 
rate among social classes. 

Death rate of males per 1,000, according to occupations, for registration States,, 

1900.^ 

Mercantile and trading 12. 1 

Clerical and official . 13. 5 

Professional 15. 3 

Laboring and servant 20. 2 

Special industries have high death rates from special diseases. 
Among dusty trades, for instance, tuberculosis is very common.*' 

Finally, the experience of industrial life-insurance companies, 
which deal largely with the poorer classes of society, shows a higher 
death rate than that displayed by the experience taoles of other in- 
surance companies.* 

Insurance mortality per 1,000, 



Age 


Ordinary 

Insoranee, 

English 

experience. 


Indostrial 
insurance, 
MetropoU- 
tanUfe. 


20 


7.3 
7.8 
0.3 
21.7 
64.9 


10.5 


25 


14.1 


35 


17.2 


56. 


36.2 


70 


01.0 







We find also great variations in death rates dependent on varying 
climatic or seasonal conditions, on the prevalence or absence of certain 
pests, on the fluctuating virulence of specific diseases, and on numer- 
ous natural differences. Other significant factcn^ in mortality are 
historical events, such as wars, places, and epidemics. Hard times 
bring increased mortality, whether due to natural or politico-economic 
causes. There remain to be mentioned also deaths by accident in all 
its many forms. 

• I. M. Bubinow, " Poverty's Death Rate," publications of the American Sta- 
tistical Association, December, 1905, p. 848. 

6 " Twelfth Census of the United States," Vol. Ill, p. cclxi. 

^ See Fredericlt L. Hoffman, " Mortality from Consumption in dusty trades," 
Bulletin No. 79 of the U. 8. Bureau of Labor. 

' Haley Fiskeb ** Industrial Insurance," The Charities Rerlew, Mardd 18^, jp. 33. 
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SBonoN 6 — Mortality historioaU^, 

Not only does the death rate vary greatly from jplace to place and 
from one social class to another, but it changes in a most marked 
fashion from period to period in history. The records of old cities 
show that a decided decrease in mortality has been steadily going on. 
In London, for example, the rate per 1,000 has fallen from 50 in 1660- 
1679 to 15 in 1905, a decrease of 70 per cent In the plague years, 
1693, 1625, 1636, and 1665, the death rates per 1,000 were 240, 310, 130. 
and 430.« The " black death " in 1348-9 probably swept away half 
of the population in many localities throughout Europe.* 

Mortality in London.^ 



Year. 


"usr 


1660-1070 


so 


1680-1728^ 


80 


172»-1780 - 


40 


1005 






l&l 







• Kober, loo. oit., p. 25. 

* These years include the period of pests. 

Within a quarter century London has cut her death rate in half, 
while Vienna, if we may trust the figures, has within a century re- 
duced her rate from 60 per 1,000 of population to 23.*' Similarly, the 
mortality rate in Boston has been lowered from an estimated M per 
1,000 ^ in 1700 to 19 to-day. 

Mr. John K. Gore, actuary of the Prudential Insurance Company, 
.shows*' that the average death rates per 1,000 of population among 
typical American cities was, for the white population, as follows : 

Years. Death rate per 1,000. 

1804-1825 24. 6 

182G-1850 25. 7 

1851-1863 28. 3 

1864-1875 25. 4 

1876-188& 22. 9 

1889-1903 21. 

The record even of the last thirty years displays a fall in death 
rates that may inspire us with buoyant hope for the future. The 
mortality rate per 1,000 has fallen in Berlin from 33 in 1875 to 16 
in 1904; in Munich, from 41 in 1871 to 18 in 1906; and in Washing- 
ton, from 28 in 1875 to 19 in 1907.^ 

Between 1890 and 1906 New York lowered her death rate per 1,000 
from 25.4 to 18.6, and Boston from 23.4 to 18.9. The mortality rate 
in the whole registration area of the United States fell from 19.6 
per 1,000 in 1890 to 16.1 in 1906, although the area in the last-named 
year included a larger proportion of urban population. 

• See Farr, Vital Statistics, London, 1885, p. 131. 

^See Abbot Gasquet, ''The Black Death of 1348 and 1349,** London (BeU), 
1893. 

•A. F. Weber, " The Growth of Cities," New York, 1899, pp. 355, 356. 

'Shattuck, loc. cit,, pp. xii-xiv. 

« " On the Improvement in Longevity in the United States daring the Nine- 
teoith Century.'* 

t Kob«r, kw. oU., p. 25. 
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We have also vital records for the city of Habana, running back 
over a century. These show that while the death rate in 18& was 
given as 54.6 per 1,000, rising in cholera years even as high as 103.4 
(1833) and in the last year of Weyler's concentration methods as 
high as 91, the rate during the eight years from 1899-1906 ranged 
from 20.4 to 33.6.« 

These records also show the remarkable and sudden fall that may 
be brought about by a change in the living conditions of a community. 
During the three "concentration" years of 1896, 1897, and 1898 
the mortality rate per 1,000 was 51.7, 78.7, and 91, respectively. In 
1899, the first complete year of American occupation, the rate 
dropped to 33.6, and since then it has ranged between 20.4 and 24.4. 
There can be no question that the improvement was almost wholly 
due to the sanitary reforms introduced by Colonel Gk)rgas, and the 
other United States Army surgeons under Gen. Leonard Wood. 

The record of American Army sanitarians in the Panama Canal 
Zone shows as striking results as in Cuba. The death rate in 
Panama during 1887, when the French canal companies held occu- 
pation, ran over 100 per 1,000. In 1906 the death rate was 49 per 
1,000, while in 1907 it fell to less than 34. Colonel Gorgas attributes 
the decrease in the general death rate in great part to improved sani- 
tation, though he adds that " increased wages, better food, and better 
clothing have no doubt played a considerable part in the general im- 
provement of the health." * 

Section 6.— Adult and infant mortality. 

Mortality varies greatly with age. The improvement in the city 
death rate of the past half century has been especially marked 
among the young. 

It IS true that in countries of the same degree of civilization the 
infant death rate is remarkably constant,*' but this is probably ac- 
counted for by the similarity in the methods of feeding of infants. 
Certainly where there is a difference in conditions there will be 
found a difference in mortality. Thus, the comparison between the 
mortality of infants fed on cow's milk and those fed on mother's 
milk shows that the former is five to ten times that of the latter.** 

Although the infant mortality rate is probably falling,^ the de- 
crease is not accompanied by a lowering of the mortality of later 
life. There is an increased mortality beyond the age of 50 years. 
In Massachusetts the death rates by age changed durmg thirty years 
as follows: 

« " Report of the National Sanitary Departmait of the Republic of Cuba," 
Habana, 1906, p. 78. 

* Letter from Ck)l. W. C. €rorgas, chief sanitary officer, Canal Zone. 

« See B. B. Phelps, "A Statistical Study of Infant Mortality," quarterly pub- 
lication of the American Statistical Association, September, 1908. Mr. Phelps 
shows the utter unreliability of most statistics of infants under 1 year of age^ 
esDecially in the XTnited States 

* See Harald Westergaard, " Mortalitftt und Morbilitftt," Jena, 1901, p. 364. 

* Edward E. Graham, M. D., " Journal of the American Medical Association,** 
September 26, 1908; also " British Medical Journal," February 1, 1908, p. 271. 
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Death rate in Massachusetts per 1,000 of population in each age period,^ 



Age. 


1865. 


1806. 


5-9 . . . 


9.6 
5.1 
9.6 

12.6 

11.7 

12 

17 

33 

70 
168 


6.2 


10-14 


• 3.2 


15-19 


5.3 


20-29 


7.1 


30-39 


9.7 


40-49 


13 


60-59 

60-09 


20 
39 


70-79 


82 


80 and upward 


186 







• " Vital Statistics of Massachusetts/' 1856-1895, p. 755. 

Here, while the death rate for all ace periods under 40 has mate- 
rially decreased, the later periods of life have suffered progressive 
increases lq mortality rate.** 

As Frederick L. Hoffman has expressed it: 

There Is, of course, no question whatever that the American death rate, using 
the term in a very comprehensive sense, has substantially declined within the 
last fifty years, but it is equally evident that this decline has been at the younger 
ages, and not during the period of life which, economically, is of the greatest 
value. There is no doubt that the mortality of adult ages Is still decidedly 
excessive. 

The same tendency, viewed from the standpoint of the expectation 
of life,^ is disclosed in the study of two Massachusetts life tables, 
compiled nearly a century apart — one, Wigglesworth's life tables for 
Massachusetts and New Hampshire in 1789, though not very accurate; 
the other, Abbott's Massachusetts life tables for 1893-1897. 

Expectation of life in Massachusetts, 



Age. 


1789. 


1897. 


Age. 


1789. 


1897. 





35.5 
43.2 
34.2 
26 


45.4 
50 
42 
28.2 


60 


16.4 
5.9 
3.7 


15.1 


10 


80 


6ul 


20 


90 


3.4 


40 











These figures indicate that the expectation of life at the earlier 
ages is much greater than a century ago, but that for the age of 60 
and upward it has remained practically stationary. 

«At first sight it would seem that this Increased mortality In later ages could 
be explained away as due to the larger number of i^ersons who are saved from 
earlier death and tend to produce a higher mortality at the older ages. I speak 
of this because very intelligent persons have drawn this conclusion. But It is 
obviously fallacious, since the figures do not indicate the number of deaths In 
different i>eriods, but the death rates In different periods of life per 1,000 at each 
period. There are, to be sure, as a consequence of saving lives in the past, 
more old men now living than otherwise there would be, and there will be more 
deaths, but the figures show that these old deaths have increased faster than 
the number of old men. This fact raises the suspicion, therefore, that the 
lives which have been saved by the hygiene of a generation ago are weak lives. 
Whether this is a tenable hyiwthesis or not will be discussed in Chapter X. 

^ " Expectation of life " at any given age is the mean after-lifetime of per- 
sons who reach that age. Thus 100 persons have an expectation of life of 50 
at the age of 10, if the total life to be lived by those 100 persons before death 
is five thousand years. 
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English life tables ^ for three decades ending 1900 display the same 
tendency. 

English life tables — Bwpectatian of life. 



MALES. 



Age. 


1871-1880. 


1881-189a 


1891-1900. 





41.4 

39.4 

13.1 

4.8 


43.7 
40.3 
12.9 


44.1 


20 


41 


eo 


13.9 


80 


4.6 






FEMALES. 





44.6 
41.7 
14.2 
6.2 


47.2 
42.4 
14.1 
5 


47.8 


20 


43.4 


GO 


14.1 


80 


6.1 







These tables show that there is imjxrovement at the younger ages 
for the period 1891-1900 over the period 1871-1880. For ages over 
60 there has been a retrogression. It is observable, however, that 
between the periods 1881-1890 and 1891-1900 the fibres for 60 years 
have remained stationary, and for 80 have slightly improved. 

In other words, a baby to-day has in prospect a mjich longer 
average lifetime than did the baby of two generations ago; but a 
man or woman 60 years old has in prospect an average after lifetime 
no greater than formerly. 

The proximate cause of this contrast would seem to lie in the fact 
that the mortality from many of the diseases of later life has been 
and is on the increase. The aeath rates from diabetes, heart disease, 
and Bright's disease have all doubled in thirty years.* 

Cancer is probably on the increase,** and " to-day one in every 21 
men who have reached the age of 35 and one in every 12 women who 
have reached 35 eventually die of that disease." * 

In addition, there may be mentioned other diseases, arteriosclerosis, 
nephritis, apoplexy, paresis, disorders of the liver, and all manner of 
degeneration, all of them maladies of adult life, and all of them 
apparently tending to increase. 

Section 7. — Particular diseases. 

We turn now to the ravages made by particular diseases in the 
modem world. The death rate in the United States from tuber- 
culosis of all forms equals the combined death rate from small- 
pox, typhoid fever, diphtheria, cancer, diabetes, appendicitis, and 
meningitis. 

« " Supplement to Sixty-fifth Annual Report Register-General of England and 
Wales," pt. 1, 1907. p. XLVIII-LI. 

* Norman E. Ditman, M. D., " Education and its Economic Value in the Field 
of Preventive Medicine^" Olumbia University Quarterly, Supplement to June, 
1908, p. 38. 

«Elie MetchnikofT, "The Nature of Man," English translation. New York 
(Putnam), 1903, pp. 213, 214; see also "United States Census mortality statis- 
tics, 1906," p. 29. 

*Ditman, loc. cit, p. 38. 
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The death rate from. tuberculosis of all kinds in the registration 
area was 183.6 per 100,000 in 1907.® The rate is high among negroes.* 
Large as these figures are, they represent a considerable decrease 
since 1900/ Tubeculosis is a preventable disease. 

On a par with tuberculosis in the number of its victims in this 
country stands pneumonia. 

The mortality statistics of the last census show that in the registra- 
tion area of the United States pneumonia is responsible for 11 per 
cent of all deaths. Pneumonia is now known to be a communicaole 
disease, the germ of which is very widely distributed ; but there is 
great need K>r special researches into the modes of spreading this 
formidable disease. In the meantime the best protection is to " keep 
in condition." While the germ of pneumonia is the exciting cause of 
the disease, predisposing causes are acute or chronic alcoholism, ex- 
posure to cold, extreme exhaustion, and debility of any kind. 

Typhoid fever is in some places yielding to preventive measures in 
a most striking manner. The fall in the death rate from typhoid in 
the registration area from 46.3 per 100,000 of population in 1890 to 
33.9 in 1900,* and to 32.1 in 1906,*^ may be safely ascribed to improve- 
ments in the water and milk supplies of our cities. The surprising 
reduction of the typhoid- fever death rate in individual cities, result- 
ing from definite improvements in the water supply, gives direct con- 
firmation of this statement. 

The typhoid mortality in Munich during 1856 was 291 per 100,000 
of population. The city at that time contained numerous cesspools, 
and the water supply was largely obtained from wells and pumps. 
From 1856 to 1887 there was great activity in the filling up of cess- 
pools, the abandonment of pumps and wells, and the installation of 
modem sewers. A pure water supply was also secured, the water 
being brought from a distance. The typhoid-fever death rate fell in 
1887 to 10 per 100,000 of population — a reduction of 97 per cent.' 

In Hamburg the typhoid mortality for 1880-1892 ran^d from 24 to 
88, averaging 39.7 per 100,000. In May, 1893, a filtration plant was 
opened, and the rate fell in that same year to 18. For the five years 
following it averaged only 7.2, showing a reduction of over 80 per 
cent^ . 

The introduction of a water filter in the town of Lawrence, Mass., 
in 1893 was followed by a reduction in deaths caused by typhoid 
from 105 in 1892 to 22 in 1896, one-fifth the previous figure. Filler- 

«For a careful statistical study of tuberculosis see "Tuberculosis in the 
United States," United States Census, issued for the International CJongress on 
Tuberculosis, 1908. See also " Bulstrode*s Report in Thirty-fifth Annual Report 
of (English) Local Government Board, 1905-6," and Arthur Newsholme, M. D., 
" Prevention of Tuberculosis," 1908. 

* For the prevalence of tuberculosis in the negro, see F. L. Hoffman's valuable 
monograph, "The American Negro," publications of the American Economic 
Association, August, 1896. 

<^This decrease is shown by the exact figures (not estimated) in the registra- 
tion area. 

<* Twelfth Census of the United States, Vol. Ill, p. cxliv. 

•Mortality Statistics, U. S. Census Oflace, 1906, p. 30. 

f Ditman, loc. cit, p. 17. 

n A. C. Abbott, M. D., " The Hygiene of Transmissible Diseases," Philadelphia, 
Saunders, 1899, pp. 88-89. 
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ing the city water in several other American cities has shown abrupt 
declines in the typhoid death rate almost as remarkable.® 

Another method of pointing out the importance of a pure water 
supply is to compare the mortality rates from typhoid fever of cities 
that secure water from various sources of supply, as the following 
table shows:* 

Death rate from typhoid fever per 100,000 of population, 1902-1906. 

4 cities using ground water from large wells 18. 1 

18 cities using impounded and conserved rivers or streams 18. 5 

8 cities using water from small lakes 19.3 

7 cities using water from Great I^kes 32. 8 

5 cities using surface and -underground water 45. 7 

19 cities using polluted river water 61. 1 

Tlius far our studies indicate that typhoid fever will cease to be a "prob- 
lem " in any community having clean water and an uninfected milk supply, and 
in which cases of the disease are treated as dangerous and contagious.'' ^ 

Unfortunately such communities are too rare at present. 

Perhaps the most common and neglected source of danger of in- 
fection m)m typhoid is the ordinary house fly or, as Dr. L. O. How- 
ard, chief of U. S. Bureau of Entomology, would have us call it, 
the " typhoid fly.'' 

Smallpox, another disease that yields readily to preventive meas- 
ures, has decreased greatly in virulence and mortality since the 
introduction of vaccmation. In Prussia, for example, the death 
rate from smallpox per 100,000 population was 24.4 in the period 
from 1846-1870. In 1874 vaccination, which up to that time had 
been only intermittently utilized, was made compulsory, and the 
death rate per 100,000 fell at once to 1.5 for the years 1875-1886.' 

Other European States, however, have been more lax than Ger- 
many. In 1886 the death rate from smallpox in Switzerland was 
fifty-fourfold that of Germanv; in Belgium, forty-eightfold; in 
Austria, eighty-onefold, and in Hungary, six hundred and sevenfold.* 

Babbage ^ states that " it has been shown by M. Duvillard that the 
introduction of vaccination has increased the mean duration of human 
life about three years and a half." Before Jenner's utilization of 
vaccination to guard against smallpox that disease was causing one- 
tenth^ of all deaths of the human race, just as does tuberculosis 
to-day, while " nearly twice as many were permanently disfigured by 
its ravages. In England 300 per 100,000 population died annually 
from it. It is computed that during the eighteenth century 50,000,000 
people died of smallpox in Europe." * 

« See Kober, loc. cit., pp. 18, 19. 

^Kober, loc. cit, p. 15. 

«M. J. Rosenau, L. L. Lumsden, and Jos. H. Kastle, "The origin and prev- 
alence of typlioid fever in the District of Columbia," Hygienic Laboratory 
Bulletin No. 44, 1908, p. 9. 

*Ditman, loc. cit., p. 8. 

•Floyd M. Crandall, "A century of vaccination," American Medicine, De- 
cember 7, 1901. 

f Loc. cit., p. 8. 

^Crandall, loc. cit, p. 6. 

*Ditman, loc. cit, pp. 6, 52-^ 
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Boston was visited twelve times by smallpox epid^nics in ihe cen- 
tury and a half ending 1800.« 

Yet where vaccination has been made compulsory, or where it is 
generally resorted to, smallpox has virtually disappeared. The last 
census reported but 3,500 deaths from smallpox in the United States 
in 1900. Even as long ago as 1826 Denmark was enforcing the prac- 
tice of vaccination so vigorously that not a single case had appeared 
for eleven years.* Habana, durmg the eight years prior to the Amer- 
ican intervention, reported 3,132 deaths from smallpox. In 1899, 
the year following the American entry, there were four deaths, and 
three more during the next seven years — a virtual uprooting of the 
disease.* 

The present outcry against vaccination is based on a misunder- 
standing, and is one of many evidences of the imperative necessity 
of the diffusion of correct knowledge among the people on matters 
of hygiene and preventive medicine. Whether vaccination should be 
made compulsory is a fair question, but that it is efficacious is not 
open to question. The argument that because some un vaccinated 
persons escape during an epidemic all would escape is too absurd 
to deserve serious consideration.* 

Yellow fever first appeared in serious form at Philadelphia in 
1793, when one-tenth or that city's population died of it in the space 
of six and a half weeks. Since 1793 the United States has had 500,- 
000 cases, resulting, it is estimated, in about 100,000 deaths. In 
1900 it was discovered that a species of mosquito is responsible for 
the transmission of this fever, and in consequence of this knowled^ 
and its application the disease is now practically banished from this 
country.*^ 

The marked decrease in the death rate from yellow fever in Ha- 
bana since the American intervention in 1898 is shown in the fol- 
lowing table. The deaths from yellow fever numbered 4,420 in the 
eight years from 1891 to 1898, while in the eight years from 1899 
to 1906 they numbered but 465. 

"Shattuck, loc. cit, p. xiv. 

^Crandall, op. cit 

<^ Report of National Sanitary Department of the Republic of Cuba, Habana, 
1906, p. 79. 

^'For the most scientific statistical studies of vaccination see W. R. Mac- 
donnell, Biometrika, VoL I, 1902, p. 375, and VoL II, 1903, p. 135. J. Brown- 
lee, Biometrika, Vol. IV, 1905-6, p. 313. F. M. Turner, Biometrika, Vol. IV, 
p. 483. Karl Pearson, Biometrika, Vol. IV, and Philosophical Transactions of 
the Royal Society of London, Series A, Vol. 195, p. 43. Humphreys, Journal of 
the Royal Statistical Society, 1897, p. 503. For the best of antlvacclnation lit- 
erature see Alfred Russell Wallace, " The Vaccination Delusion," and Milnes, 
Journal Royal Statistical Society, 1897, p. 552 (Comment by G. U. Yale, p. 608). 
For both sides see Report of the Royal CJommission on Vaccination, 1897. 

•Ditman, loc cit, pp. 11-12. 
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TeUow-fever death raie in Habana, 1870-1906. 
[Rate per 100,000 population.*] 



Before American Intervention. 




1870. . . 
1880... 




.. 300.5 
.. 324.5 
.. 15a6 
.. 275.8 
.. 639.5 
.. 128 


1808.... 
1800.... 




.. 67.8 
.. 42.5 


1880... 
1805... 


1900.... 
1901.... 




.. 124.0 
.. 6.9 


1806... 
1807... 


1902.... 
1003.... 
1904.... 
1906.... 
1906.... 




.. 
.. 
.. 
.. 8.0 
4.3 







•Report of the National Sanitary Department of the Republic of Cuba, 1906, p. 79. 

These results have been due partly to the elimination of the 
contagion-carrying mosquito and partly to the general improvement 
of the citv's sanitary appointments. 

A similar contrast might be drawn between the death rates from 
yellow fever at Panama during the efforts of the French to dig the 
canal and during the American work under the sanitary regulations 
of Colonel Gor^s. If the same thoroughgoing measures used in 
Habana and at Panama were employed amon^ our own people, the 
resultant blessings would be almost equally striking. 

The impressive figures just presented, showing the fall in mortality 
from so many of me most dangerous diseases^ point clearly to the 
value of preventive measures in the conflict with disease. The fall 
in tuberculosis mortality is directly due to the growing use of hospi- 
tals, which have tended to isolate * consumptives, and to a use of our 
recently acquired knowledge of the efficacy of fresh air and the out- 
door life; typhoid fever has virtually disappeared when water and 
milk supplies have been made pure, the open pri\^ abolished, and 
flies and other carriers of the specific cause of tne disease have been 
provided against ; smallpox has given way before vaccination ; yellow 
fever is fast disappearing now that the agent of transmission is 
known ; while many of the less serious diseases are losing their power, 
purely owing to preventive methods. 

Some diseases, once the scourges of humanity, have practically 
disappeared from the civilized world. 

Scurvy up to the latter half of the eighteenth century decimated 
the armies and fleets of Europe and afterwards proved a menace to 
the civilized population. During Anson's famous expedition about 
the year 1750, 600 out of 900 di^, chiefly from scurvy. The use of 
lime juice and fresh vegetables has practically eradicated the disease.* 

" Cholera was wont to visit the cities of the Atlantic coast in the 
past about every ten years, and it was a standing menace to the world 
every summer. It was not uncommon for the disease to decimate 
whole towns and cities. Since the discovery of its cause, however, it 
has been robbed of its terrors, and the chiliiren of to-day will prob- 
ably never know of it except by name." 

Malaria has been on the decrease ever since the discovery that the 
malarial organism is transported by a species of mosquito. Even the 

•See Arthur Newsholme, ''The phthisic death rate,*' Journal of Hygiene, 
July, 1906. 

» Ditman, loc ett, 14-16. 
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five years ending 1906 show a progressive decline in the death rate 
from malarial fever in the registration area. The figures are 5.4, 4.3, 
4.2, 3.9, and 3.5 deaths per 100,000 of population, for the five years in 
question. In themselves, the figures are so small as to show the virtual 
aisappearance of the disease, at least from the Northern States. It 
is still very common in the Southern States. Its evil is by no means 
to be measured by the deaths it causes. It produces chronic disability 
and predisposes to other diseases.® 

Finally, the furnishing of pure milk to the infant population of the 
cities is eliminating year by year the infant scourges — diarrheal dis- 
eases and related maladies. 

There are of course diseases which show no sign as yet of decreas- 
ing. The census volume, "Mortality Statistics of 1906" (p. 29) 
gives only one important disease (diabetes) as actually on the increase 
within the registration area, but several which are given as having 
" fluctuating rates," such as cancer, heart disease, and Bright's disease, 
seem still to have an upward trena. 

It is known that malaria is preventable. Why, then,* is it not pre- 
vented in the South? Probably for two reasons. First, the facts are 
not generally known, owing to lack of vital statistics in the Southern 
States. Second, owing largely to this ignorance no adequate effort 
has yet been made. As an example of what can be done we have the 
cleaning of Habana by Colonel Gorgas. The following table, sup- 
plied by him, shows the deaths from malaria from 1899 to 1907 : 



Year. 


Number 

of 
deaths. 


Year. 


Number 

of 
deaUis. 


ia99 


909 
326 
151 
77 
61 


! 1904 


44 


1900 


1905 


22 


1901 


1906 


26 


1902 


1907 


• 23 


19a3 











• Annual Report of the Sanitary Department for the City of Uabana for the year 1907. 

" The first year quoted, 1899, the malarial deaths were excessive, 
owing to the crowding into the city of the ' reconcentrados ' and the 
starvation and misery thereby involved. 

The next year, 1900, was about the normal rate. The next year, 
1901, begins to diow the effect of the antimalarial work done in con- 
nection with the yellow-fever work ; 1901 was the first year of mos- 
?uito work in Habana. The last year, 1907, shows onlv 23 deaths 
rom malaria. This means practically the extinction of malaria in 
Habana. The item of 23 deatns in 1907 from malaria would probably 
be covered bv the malarial cases coming in from the rural districts 
and by mistakes in diagnosis." 

The preventability of accidents is beginning to be appreciated. It 
is now proposed by Mr. W. H. Tolman to eSablish in New York a 
museum or safetv and sanitation to demonstrate this fact. Mr. 
Frederick L. Horfman, statistican of the Prudential Insurance Com- 
pany, estimates the number of deaths among male workers alone in 
1908 as between 30,000 and 35,000.'' 

» See " Report to the Consen^atlon Commission" of L. O. Howard. •* Eco- 
nomic loss to the people of the United States through insects that carry diaeaao.** 

* " Industrial accidents," BuUetin of the Bureau of Labor, 1908. 
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Chapter III. — Prevalence of serious iUness. 
Section 1 — Loss of timen 

Length of life is but one indication of vitality. Everyone recog- 
nizes that the life of a valetudinarian or an invalid, however long, la 
but a narrow stream. We may therefore conceive, besides the dimen- 
sion of length, another dimension of life which may be called its 
"breadth." By the breadth of life we mean its healthiness. Just 
as length of liie is limited by and opposed to mortality or death, so 
breadth of life is limited by and opposed to invalidity or illness. 

An ideally healthy life, free throughout from ailment and dis- 
ability, is rarely if ever found. But it is the aim of hvgiene to ap- 
proximate such an ideal. Some persons imagine that length of life 
can be purchased only at the expense of breadth, and counsel the 
deliberate shortening of one's life for the sake of living it faster. In 
exceptional cases such a policy may be justified, but the study of 
longevity reveals the fact that, as a rule, length and breadth of life 
are not opposed, but that, on the contrary, the one can seldom be 
increased without an increase of the other. Centenarians are usually 
persons who have been exceptionally free from illness « and who 
have performed a large amount of work. This work is usually 
physical labor out of doors, although the few mental workers com- 
pleting the century have also lived busy lives. 

Chevreul, the distinguished French chemist who died twenty years 
ago at the age of 103, lived a life of great activity and usefulness as 
laboratory experimenter, as industrial chemist, as university pro- 
fessor, and as a writer and lecturer. It was said of Alexander Von 
Humboldt, who was 90 at the time of his death, that he had not only 
lived twice as long as others in years, but that in work accomplished 
he had lived twice as much per day, thus enjoying four times the 
average lifetime. 

It is shortsighted to spend more vitality each day than we earn. 
Such a policy must not only prove suicidal sooner or later, but tends 
to narrow one's life in every way long before the arrival of death. 
The ordinary individual bums the candle at both ends. The result 
is an almost universal invalidism in some degree. While statistics 
are lacking, a wide observation seems to justify the conclusion that 
it is difficult to find a man or woman over 40 whose health has not 
become impaired in some manner. Few who have not studied the 
facts realize how common illness is, although we all know it is suf- 
ficiently conmion to make the question " How are you?" the ordinary 
form of salutation. 

• Metchnikoff, " The Prolongation of Life," English translation. New York, 
(Putnam's) 1008, p. 145. 
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Serious illness is such as totally incapacitates a person from work, 
whether or not he is confined to his bed. The burden of serious ill- 
ness is felt in several distinct ways. There is the annual idleness en- 
tailed by this illness, the cost of maintaining institutions devoted to 
the care of the sick, and the cost to the individual of medicines, medi- 
cal service, and nursing. 

The amount of invafidity or illness in a community has been esti- 
mated by a number of different investigators, and in a number of dif- 
ferent ways. While the results vary somewhat, on the whole they 
harmonize fairly well.® 

The most careful consideration of the various illness statistics avail- 
able was made by Fair. He finds that the rate of invalidity increases 
with age, and at the later ages increases with great rapidity. The 
material he has used has come chiefly from various friendly societies 
in Great Britain and Scotland, and especially from the East India 
Company. His final conclusion is probably nearly as valid to-day as 
then. It is that corresponding to each death in a community, there 
are a little more than two years of illness. 

Another way of expressing the same fact is that for each annual 
death, there are on the average two persons constantly sick during the 
year. Applying this estimate to the United States,* in which about 
1,500,000 persons die per annum, there are probably at all times about 
3,000,000 persons seriously ill. ^ This means an average of tiiirteen 
days per annum for each inhabitant.* 

Ketums gathered from 79 benefit societies in Scotland, aggregating 
over 100,000 members, and based on the experience of various periods 
between 1750 and 1821, showed that the average duration of sickness 
for each member under seventy years of age was ten days per year, 2 
of which were assumed to be "bedfast " days, five as days of walking 
sickness, and three as days of permanent sickness.* 

Sectiow 2— Particular diseiMes. 

It has been estimated that the number of persons in the United 
States constantly suffering from tuberculosis reaches 500,000. Of this 
number probably about half are totally incapacitated, while the re- 
mainder are able to earn about half of the ordinary wages.* 

« See Farr, Vital Statistics, London, 1885, pp. 501-514. Harald Westergaard, 
Mortalitat und Morbllltat, Jena, 1901, p. 683. See also a pamphlet by Hiram J. 
Messenger, actuary of the Travelers' Insurance Company, Hartford " The Rate 
of Sicltness;" Pettenkofer, quoted by UfFelman, Handbuch der Hygiene, p. 3. 
Edwin Chadwicls, " The Health of Nations," ed. by B. W. Richardson, 2 vols. 
(Longmans), London, 1887, Vol. I, p. 57 ; Mayo-Smlth, " Statistics and Sociology,*' 
New YotK (Macmillan) 1895, p. 158; " Statlstische Jahrbuch ftlr das Deutschen 
Reich, 1908," pp. 304-305. 

^ Judging from the experience of sickness insurance, there is more sickness In 
the United States than in England. See Dr. Edward Jarvis, " Political Econ- 
omy of Health," Fifth Report of Mass. Board of Health, 1874. Dr. Jarvis also 
points out that estimates of illness are based on experience of provident persons 
among whom Illness is a minimum, and that the estimates of illness take no 
account of chronic ailments or " decreptitnde." 

^'Farr, Vital Statistics, p. 513. 

« Edwin Chadwiek, "The Health of Nations," vol. 1. pp. 5e-57. 

« Irving Fisher, " The Cost of Tuberculosis in the United States and Its Re- 
duction," paper read before International Congress on Tuberculosis, Washing- 
ton, 1908; see also Hul>er, *" Consumption and ClTilization," Philadelphia, 1900; 
and BardBwell, *' The Consumptive Workingman," London, 190tt. 
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For every death fnHn typhoid fever, there are about 8 cases of ill- 
ness, averaging seventy-five days of incapacity. But this is not the 
only loss. Professor Sedgwick has said, " Hazen's theorem asserts that 
for every death from typhoid fever avoided by the purification of a 
polluted public water supply two or three deaths are avoided from 
other causes. Working under my direction Mr. Scott MacNutt has 
recently been able to confirm this surprising theorem, and even to 
establish it as conservative. We have also gone further than Hazen 
and discovered what the other causes are from which deaths are thus 
avoided; and, although our results are not yet all published, I may say 
that conspicuous among these are pneumonia, pulmonary tuberculosis, 
bronchitis, and infant mortality." • 

The prevalence of the hook-worm disease in the South has been a 
matter of investigation for several years by Doctor Stiles* of the 
Public Health and Marine-Hospital Service. The disease is remarka- 
ble not so much for its fatality, though that is large, as for the chronic 
incapacity for work which it produces. For this reason the hook 
worm has been nicknamed the " germ of laziness." The disease ex- 
tends over the whole South, and is responsible for a large part both 
of the sickness (the so-called " laziness ") and of the poverty of the 
" white trash." 

There are no satisfactory statistics as to the extent of hook-worm 
disease; but it has been estimated that the sufferers are incapacitated 
for labor from one- fourth to one-half of their time. Most striking is 
the fact that the disease is easily preventable through the introduction 
of sanitary measures ad well as curable by the proper (drug) treat- 
ment of the present victims. It has been largely eradicated from 
Porto Rico.<» Hook-worm disease weakens when it does not kill and 
is known to be a precursor of tuberculosis. 

Malaria is one of the diseases which are fatal relatively seldom, but 
which shorten life by predisposing to other causes of death, and nar- 
row life by reducing working efficiency by a large percentage. Doctor 
Howard states that each year there are probably 3,000,000 cases of 
malaria in the United States, most of which are m the South. This 
is practically all preventable.* 

Dr. Prince A. Morrow says that the number of syphilitics in the 
United States has been estimated at 2,000,000. This disease is not 
only in itself a danger, but it also causes a large number of diseases 
of the circulatory and nervous systems. 

Doctor Morrow says that the extermination of social diseases 
would probably mean the elimination of at least one-half of our insti- 
tutions for defectives. The loss of citizens to the State from the 
sterilizing influence of gonorrhea upon the productive energy of the 
family, and the blighting destructive effect of syphilis upon the off- 
spring are enormous. In the opinion of very competent judges social 

aW. T. Sedgwick, "The CaU to PubUe Health," Science, 1908, p. 198. 

* Report upon the Preval«ice and Geographic Distribution of Hook-worm 
Disease in the United States," Hygienic Laboratory, Bulletin No. 10, February, 
1903, Washington. 

0" Reports of Ommission on the Suppression of Uncinariasis, 1904, 1905, 
1906-7, 1907-8, San Juan, P. R." This commission has been succeeded by a 
bureau, the "Anemia dispensary service." 

« See li. O. Howard, Report to Conservation CJommissipn, " Economic loss to 
the people of the United States through insects that carry disease." 

72539— S. Doc. 676, 60-2, vol 3 42 

Digitized by VjOOQIC 



658 BEPOBT OF NATIOKAIi OONSBBVATION COMMISSION. 

disease constitutes the jnaost powerful /of ^ jf ^otoi:^ j^ the dc^eyaera- 
tion and depopulation of the world. 

Among the troops stationed in the Philippines, the venereal mor- 
bidity during the year 1904: was 297 per 1,000, largely excee4ing Ube 
morbidity from malarial fevers and diarrhea; 22 out of every 1,000 
soldiers were coiistantly ineffective from venereal diseases, four times 
as many as from anv c^er disease. 

The statistics of the Navy Department show during the same year, 
that venereal disease wag chargeable with a percentage of 25.2 
of the total number of sick days in the hospital from all causes 
combined. In four years 949 men were dischar^d from the navv 
for disability from venereal disease. The statistics of the English 
army show that among the troops stationed in India 537 per l/KK) 
were admitted to the hospital for venereal disease. Of the troops re- 
turning home to England after completing their time of service in 
^ndia, 25 per cent were found to be infectecTw^th syphilis. 

No statistics exist for venereal disease in civil life. It may be more 
prevalent than in the army and navy service, since the inhibitory 
influence of military restraint and discipline do not exist and the 
opportiwties for licentious relations are more abundant. 

Neisser, a distinguished German authority, states that " fully 75 
per cent of the ^lut male population contract gonorrhea ^d 15 per 
cent have syphilis.'' 

^Vhat sypnilis and gonorrhea represent in the lowered working 
efficiency of our population — to say nothing of the still more in^por- 
t^nt subject of increased mortality — is impossible to estimate ; but it 
would be diflSicult to overemphasize the grave danger to national ef- 
ficiency from these and the other venereal diseases. And he^ again 
the most striking point is that the venereal diseases are preventSble. 

Alcoholism and drug addiction are maladies of frightful preva- 
lence. They are so familiar as to be taken by many as a matt^ of 
course. 

Venereal diseases and inebriety, whether alcoholic or drug, fre- 
quently lead to insanity. Statistics are not yet able to prove con- 
clusively that insanity is increasing, though t)us is the opinion of the 
best judges.' 

Dr. C. L. Dapa, f onnerly president of the New York Academy of 
Medicine, believes the increase in insanity to be real as well as ap- 
parent. He says: " The annual increment of insane in M^^^^huset^ 
according to the Massachusetts board of lunacy, is 400 in ^bout 10,000, 
or 4 per cent." At this ratio the annual increment for the United 
States would be approximately 5,600. " We may say that in the last 
twenty-five years tne ratio of insane to sane has shown an apparent 
gradual increase from 1 to 450 tp 1 to 800, and this latter seems to he 
about the ratio in those communities of North America and Europe in 
whtch modem conditions of civilization prevail. This average has 
varied but little in the last few years; the slight yearly increase prob- 
ably will not change rapidly and probably not continue, for when the 
increase in the insane readies a certain point of excess society will 
have to take notice of it and correct it." ^ There are no accurate fig- 

oFor a critical examination of statistical data on insanity, see Hnmpbreyt. 
(Noel, A.), **The alleged increase of insanity," Journal of the Royal Statisti- 
cal Society, June, 1907. 

» " Psychiatry in Its Relation to Other Sciences," section on psychiatry at the 
International (Congress of Arts and Sciences, St Louis, September, 1904. 
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«jrcs of tb8 number of insaiM. Mr. Sanb<»m cetimates tbaJt the numbflr 
exeeeds 250,000 in the United States. 

Among defective and disabled classes are to be especially mentioned 
the feeble-minded, paralytic, crippled, blind, and deaf mutes. The 
aggregate disability of these groups is greater than is commonly 
recognized. The preventability is still less appreciated. 

l^th reference to the losses each year from industrial accid^its: 

The statistical report of the Interstate Commerce Commission for 
the year ending June 30, 1907, diows that during tiiat year 11,800 
persons were killed and 111,000 injured on our American railways, 
these figures including passengers, employees, and all other persons. 
A large number of the victims were railway employees, for whose 
safety Congress has passed a number of laws. The total number of 
cases of industrial accidents can not be estimated, owing to the lack 
of statistical information ; but Census Bulletin 83 gives the number of 
deaths by accident and violence in 1900 at 67,500. 

" Of 29,000,000 workers in the United States over 500,000 are yearly 
killed or crippled as a direct result of the occupations in which they 
are en^ged— more than were slain and wounded throughout the 
whole Russo-Japanese war. More than one-half this tremendous sac- 
rifice of life is needless." • 

Mr. Frederick L. Hoffman estimates * that the number of accidents 
among men employed in the United States in 1906 was 208,000^ of 
which about 5,000 were fatal. Theae figures are exclusive of mining, 
fftilwayi and shipping accidents. 

John Mitchell <^ estimates that for every 100,000 tons of coal pro- 
duced in the United States one mine worker is killed and several 
injured. In 1907 the figures were 2,500 coal miners killed and 6,000 
seriously injured. 

In Wisconsin from October 1, 1906, to October 1, 1907, the total 
number of accidents reported which incapacitated the victim by at 
least two weeks was 13,572. The accidents to employees constituted 
53 per cent of this number.* 

Special trades have special perils for workmen. ** Among diseases 
to which workmen are most often subject are the so-called * inanition, 
scrofula, rachitis, pulmonary consumption, dropsy ; ' also rheumatic 
troubles, pleurisy, typhoid fever, gangrene, and the various skin dis- 
eases. Every epidemic, be it typhoid, smallpox, scarlet fever, dysen- 
tery, cholera, etc., draws its greatest army of victims from this class. 
For every death that occurs among the richer and higher classes 
there are many in the working class. It is the workman engaged in 
unhealthy factories first of all who filjs the hospitals and their death 
chambers." • 

It is the pollution of the air breathed by workmen, whether the 
pollution come through poisons or through dust, that makes many 
trades dangerous. Among poisonous trades are the many lead-using 

• Ditman, loc. clt., 48. 

* In an article contributed to the " New Encyclopedia of Social Reform," 1008. 

• Speech before the Goyemor's Conference on CJonservation, White House, 
May, 1908. 

* Thirteenth biennial Report, Bureau of Labor and Industrial Statistics, Madi- 
»on. Wis., 190a 

•0. P. W. Doehrlng, "Factory Sanitation and Labor Protection," Bulletin 
Department of Labor No. 44, January, 1903, p. 2. 
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industries, foundries, and chemical factories. Investigations of the 
dust-producing trades have been made, showing the results on the 
respiratory systems. 

Hirt's statistics show that men employed in dust-producing occu- 
pations suffer much more frequently from pneumonia and consump- 
tion than do those not exposed to dust. The relative frequency of 
these diseases per 100 workmen is as follows: 

Cases of consumption and pneumonia per 100 workers in certain occupations. 



Consump- 


Pneo- 


tion. 


monla. 


28 


17.4 


25.2 


5.9 


22.6 


6.0 


20.8 


7.7 


13.3 


9.4 


n.i 


• 4.6 



Workers in metallic dost . . . . 
Workers in mineral dust. . . . 

Workers In mixed dust. 

Workers in animal dust 

Workers in vegetable dust. . 
Workers in nondusty trades. 



• George M. Kober, M. D., " Industrial Hygiene/' Bulletin of Bureau of Labor, March, 
1908, p. 477. 

Mr. Owen R. Lovejoy, secretary of the national child-labor com- 
mittee, has condensed a table from Indiana reports « showing the high 
injury rate suffered by children in the industries. 

Injuries to children in Indiana, 1907, 

Proportion of adults Injured / 3 dot l! 000 

Proportion of children Injured |2g ^^ J'^ 

The injury rate for children is shown to be three to four times as 
great as for adults. 

Chapter IV. — Prevalence of minor ailments. 
Section 1. — Importance of minor ailments. 

The statistics of morbidity which we have given refer to forms 
which are relatively acute; but there are many milder forms which 
do not incapacitate the patient from work or compel him to take 
to his bed. The extent of these milder ills is not generally appre- 
ciated. They are often carefully guarded secrets. The individual 
often knows only his own physical troubles, but is imaware of the 
fact that almost every person about him has such troubles also. Once 
you j)enetrate beneath conventional acquaintance there will almost 
invariably be found some functional impairment of heart, liver, 
kidneys or bladder; or dyspepsia, gastritis, jaundice, gallstones, 
constipation, diarrhea; or insomnia, neurasthenia, nervousness, neu- 
ritis, neuralgia, sick headache; or tonsilitis, bronchitis, hay fever, 
catarrh, grip, colds, sore throat; or rupture, hernia, phlebitis, skin 
eruption; or rheumatism, lumbago, gout, obesity; or decayed teeth, 
baldness^ deafness, eye ailment, spinal curvature, lameness, broken 
bones, dislocations, sprains, bruises, cuts, bums, or other " troubles,^ 

« " Eleventh Annual Report of the Department of Inspection of Indiana, 1907," 
Bzhlblt O, pp. 166-198. 
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These so-called " minor ailments " will undoubtedly in the next few 
years receive much more attention than now. Until recently the 
physician has been accustomed to treat onljr acute diseases, but as 
preventive medicine ffradually replaces curative medicine the physi- 
cian will be more called upon to treat minor ailments. These are 
generally the first warnings of more serious troubles. If what seem 
to be " mere colds " were less commonly neglected, tuberculosis would 
more often be caught in its incipiency, and pneumonia and diphtheria 
would often be prevented. 

From the " common colds " also tonsllitis and abscess of the ear can and do 
come, purulent inflammations of the pneumatic and venous cavities of the face 
and skull, and meningitis and cerebral abscess — all of which destroy many 
lives annuaUy ; or the lives may be saved by a surgical operation after a serious 
and prolonged illness. Tonsi litis, in turn, in addition to lighting up furious 
inflammations in its own immediate vicinity, can be held responsible in a cer- 
tfiin number of cases for serious diseases at a distance from its own site. These 
are septic arthritis (inflammation of joints), septic peritonitis, appendicitis, 
endocarditis (valvular disease of the heart) — severe and frequently fatal dis- 
eases. Gastritis or gastroenteritis, sick headache, Jaundice, lumbago, are not 
usually of serious import, but sometimes are the signs that point to an under- 
lying cause (alcoholism, overeating, chronic protein intoxication, worry — busi- 
ness or domestic — sedentary life, etc) which will lead later to arteriosclerosis, 
chronic nephritis, toxic amblyopia (optic nerve blindness), cirrhosis of the liver, 
cerebral hemorrhage or valvular disease of the heart <» 

If the first twinges of rheumatic pains were heeded, gout and the 
dreaded arthritis deformans would lose most of their terrors. We 
could then arrest a great majority of serious affections at the very 
gateway. It can hardly be doubted that even such diseases as cancer, 
whose causation is not yet understood, gain a foothold through low- 
ered vital resistance, manifesting itself at the first in minor ailments 
of some kind. 

The American neurasthenia, widespread and subtle, has its grip on 
thousands of men and women, driving them from home and offices 
annually to sanitaria or various health resorts, and so breaking down 
their average vitality as to render them much more liable to serious 
sickness and death. 

This, the most widely prevalent of all nervous disorders in this 
country, seems to be on the increase. It is very commonly found 
among persons who take no reasonable recreation — many business 
men, among others — and the loss of time and incapacitation for work 
are very great, often weeks and months at a time. 

As to the extent to which minor ailments exist, no statistics are 
available. Doctor Castle, of Cincinnati, estimates, from an experi- 
ence of many years in the medical supervision of institution em- 
ployees and general practice, that there is an average of at least three 
days' time lost annually for each person in the population because of 
such minor ailments. Similarly, Dr. J. F. Morse, of the Battle Creek 
Sanitarium, who has had a long experience in dealing with a large 
number of cases, estimates that the average " well man " loses on an 
average five days a year from work on account of headaches, tooth- 
aches, " colds," and similar minor ailments which do not come under 
the head of any of the diseases reported. 

• Letter from Dr. Chas. H. Castle. 
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Section 2. — PreventahUitf of minor aUmeni$. 

That almost all minor ailments can be avoided is scarcely to be 
doubted. Doctor Gulick is "inclined to believe that something like 
nine-tenths of all the minor ailments that we have, and which consti- 
tute the chief source of decreasing our daily efficiency, could be 
removed by careful attention." "With the removal of nine-tenths of 
our disabilities and the conservation and further development of our 
natural powers,'' he adds, " the average i)erson can increase his effi- 
ciency 100 per cent, that is, he can be twice as effective. This does 
not refer to doing merely or mainly twice as much work, of course, 
but by making less mistakes, and by working at a higher degree of 
speed when he does work. By working under conditions so that the 
work does not need to be repeated, the whole total will be much 
greater — I think not too much to say twice as great — as under ordi- 
nary conditions." 

Minor ailments are preventable by leading a reasonablv hygienic 
life and by revising the modern gospel of " hustle " — ^wKich latter 
usually means crude, imperfect, and slovenly work, whether mental 
or manual. The prevention of these diseases would " cost " nothing — 
for it costs nothing to stay well. 

If, again, we consider the experience of those who have made a 
serious attempt to avoid minor ailments, their preventability becomes 
clear. Personally, I have known of scores of cases in which the tend- 
ency to catch cold has been almost completely overcome. In one 
case a physician, who as a boy had sufferea from continual colds and 
hay fever, succeeded, through the simplification and control of his 
diet, in attaining almost complete emancipation, which has lasted over 
forty years. Another physician reports that for ten years, during 
which time he has taken special means to produce complete evacua- 
tion, he has not cau^t a single cold. A large number of cases ob- 
served are of pei*sons, physicians as well as laymen, who have taken 
the outdoor cure for tuberculosis or nervous prostration. These 
persons not only succeeded in combating these serious troubles, but 
in completely freeing themselves from liability to colds. Evidently, 
if the outdoor life had been adopted simply as a preventive of colds, 
it would have prevented originally, as it cured subsequently, their 
more serious disorders. 

Chapter V. — Prevalence of undue fatigue* 

Section 1. — Strength^ endurance^ and fatigue. 

When a person is free from all specific ailments, both serious and 
minor, he usually calls himself " well." There is, however, a vast 
difference between such a " well " man and one in ideally robust 
health. The difference is one of endurance or susceptibility to 
fatigue. Many " well " men can not run a block for a street car or 
climb more than one flight of stairs without feeling completely tired 
out, while another " well" man will run 25 miles or climb the Matter- 
horn from pure love of sport. The Swiss guides, throughout the 
summer season day after day, spend their entire time in climbing. 
A Chinese cooly will run for hours at a stretch. That the world 
regards such performances as " marvelous feats of endurance " only 
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dbo'^s how marvclottd^ out of training th^ world as a whole really 
is. In mental woif-k soitte persons are unable to apply themselves more 
thah an houi^ at a time, while others, like Humboldt or Mommsen, can 
work almost continuously th^ngh fifteen hours of the day. 

As Mosso * and others hat^e proved, muscular fatigue is a chemical 
effect, due to the circulation of " fatigue poisons " in the blood. This 
has bieen strikingly shown by expenments by Weishardt and others 
on dogs; when blood is transfused from an exhausted dog to a 
"frisl^'' one, the latter immediately wilts and becomes fatigued 
like the former, although he had not exerted himself in the least. In 
order to reduce fati^e, therefore, we should keep down fatigue 
poisons. It is not umikely that almost all poisons produce fatigue, 
whether the poisons come from infections, from drugs, from impure 
or excessive food, from bad air, or from exertion. 

It should be noted that endurance is a quality quite distinct from 
strength.^ Strength is measured by the utmost force a muscle can 
exert once; endurance by the number of times it can repeat an ex- 
ertion requiring a specified fraction of available strength at the start 
Thus, if each one of two men is barely able to lift a dumb-bell weigh- 
ing 100 pounds, their strengths are equal, but if one of them can raise 
a dumb-Dell weighing 50 pounds 20 times, while the other can raise it 
40 times, the latter may be said to have double the endurance of the 
former. Another mode of expressing the same thought is that endur- 
ance is measured by the slowness witii which strength decreases 
through exertion. 

Sectioii 2,— Alcohol ana faiiffue. 

Of all poisons in ordinary use, alcohol and tobacco are the most 
conmicm. That alcohol increases fatigue is now commonly recognized 
by athletes. "Alcohol gives no persistent increase of muscular power. 
It is well understood by all who control large bodies of men engaged 
in jphysical labor that alcohol and effective work are incompatible." • 

One of the most interesting features of the cycling sport, when long 
tours were the fashion a few years ago, was the fact that the wayside 
seller of drinks found himself forced to supply chiefly " temperance 
drinks." The cyclists discovered that they could not make their " cen- 
tury runs" on alcoholic beverages. Two friends report that they 
stopped for refreshments and drank beer. Resuming their ride they 
found it hard to propel the machine, and both imagined some obstruc- 
tion had lodged m the gears. Only after having dismounted and sat- 
isfied themselves to the contrary did they come to the conclusion, 
whether rightly or wrongly, that the resistance was in their own legs 
and was due to the beer. 

Careful experiments with alcohol in relation to fatigue have been 
reported by Rivers,* who shows that alcohol diminishes the capacity 

«See Fatigue, English translation. New York (Putnam), 1904. 

* See Irving Fisher : The Effect of Diet on Endurance. (Publications of Yale 
University, Transactions of the ConnectWut Academy of Arts and Sciences; 
New Haven, 1906, p. 1.) 

^ The Liquor Problem, a summary. Beport of subcommittee of committee of 
fifty on physiological aspects of the liquor problem. New York (Houghton- 
Mifflin), 1905. 

* W. H. R. Rivers: " Influence of Alcohol on Fatigue, etc" London (Edward 
Arnold), 1908, pp. 89-90. 
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for exertion. Experiments carried on by Professor Aschaffenburg 
with four typesetters^ all users of alcohol, showed that on days when 
Greek wine, containing 18 per cent of alcohol, was given the men 
iiiere was considerable dimmution of the capacity for work. On 
the alcohol days two of the men did decidedly less work, while the 
work of the remaining two was marked by great irregularity. 

The injury from alcohol is mitigated, but not excluded, through 
combination with sugar, malt, and other beneficial ingredients, as 
in beer. 

Section ^^Tobaooo and fatigue. 

As to tobacco it is a common observation that smoking interferes 
with one's " wind " in running. The poisons which probably bring 
about this result include others than nicotine. Possibly the most 
important poison is carbon monoxide, which has a great affinity for 
the iron in the blood.<» When the smoker " inhales,'' this poison, 
probably joined with others, enters directly into the blood stream. 

In an experiment carried on by Doctor Lombard, " smoking was 
found to have a very depressing effect upon the strength of the 
voluntary muscular contractions. ♦ ♦ ♦ Undoubtedlv the effect 
of tobacco to lessen the voluntary power is due to its influence upon 
the central nervous system." ^ 

It is the testimony of many users of tobacco that the habit of 
smoking leads to nervousness and disinclination to exertion directly 
after smoking. 

Experimentation has shown that smoking increases blood pressure. 
The greater resistance to circulation offered by the blood is pre- 
sumably due to the excitation caused by the introduction into the 
blood stream of foreign matter from the tobacco. There is reason 
to believe, though the fact has not been established, that endurance 
is lessened by high blood pressure. 

Section 4. — Diet and- fatigue. 

Poisons may also enter the system through food. Many poisons 
come from diseased, contaminated, or adulterated foods ; but thejr may 
also be due to excess of food or wrong preparation of foods, and espe- 
cially to the decomposition of protein (the principal ingredient of 
white of egg and lean meat) in the colon. The absorption of such 
poisons causes auto-intoxication. 

It has long been known by physiologists that the putrefaction in 
the intestines is the putrefaction of protein. But only recently have 
they raised the question whether a reduction of the protein element 
of food would be feasible and whether the resulting reduction in 
putrefaction and auto-intoxication might not be advantageous.*^ 
These questions are still under debate, but the trend of physiological 
opinion is increasingly in favor of protein reduction. Practically 
this means a lessening of the consumption of lean meat and eggs. 

• " Tbe toxicity of tobacco smoke," The Lancet, CLXXV, 1908, p. 104. 

* Warren P. Lombard, M. D., " Some of the influences which affect the power 
of voluntary muscular contraction." Journal of Physiology, VoL XIII, 1892, 
p. 48. 

« See C. A. Herter, " Bacterial Infections of the Digestive Tract," New York 
(Macmillan), 1907. 
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Evidence has accumulated, though it has not yet been put in proper 
experimental form for absolute proof, that auto-intoxication is not 
omv an exceedingly common affection, but also the chief cause of 
undue fatigue. Most persons know the heavy feeling and disinclina- 
tion to exertion which generally accompany constipation, and, on 
the other hand, the relief which comes with a complete evacuation. 

Leaving auto-intoxication aside, Professor Chittenden is of the 
opinion that waste products from combustion of protein are probably 
responsible for fatigue. Whatever the explanation, Professor Chit- 
tenden found in his classical experiment^ with a squad of soldiers, 
that strength and endurance were increased by a reduction of the 
protein. Thirteen soldiers were placed for six months on a diet con- 
taining a much smaller quantity of protein food than what is pre- 
scribed by ordinanr dietary standards and containing onlv one-tnird 
of what is demanded by common American usage. Professor Chit- 
tenden's results are gaining recognition, but they will need to be 
further tested before any unanimity of opinion can be reached. 

Analysis of the diet of several hundred vegetarians shows that on 
the whole they are lower in protein than the average American. 
Comparative experiments on 17 vegetarians and 25 meat eaters in the 
laboratory of the University of Brussels have shown little differences 
in strength between the two classes, but a marked superiority of the 
vegetarians in point of endurance. The average superiority was 53 
per cent The vegetarians recuperated from fatigue more quickly 
than the meat eaters.* To what extent, if at all, tne superiority of 
the vegetarians was due to vegetarianism as such, and to what extent 
to the fact that they made a more moderate use of protein, can not 
be exactly determined, although the evidence indicates that the lower 
protein is the essential factor. The virtues and drawbacks of vege- 
tarianism as such have as yet received almost no scientific study.® 
Professor Chittenden is now enga^d in such a study. 

In another experiment, comprising 49 subjects and contrasting 
those on high and low protein diets, it was found that the low pro- 
tein subjects had greater endurance.* For instance, the test of 
" deep-knee bending " showed that whereas the high-protein subjects 
could seldom exceed 400 or 500 times, the low-protein men could fre- 
quently exceed 1,000, and in one case reached 2,400. 

The writer has in his possession several hundred unpublished in- 
dividual records of men on a low and high protein diet. These, on 
the whole, seem to show a considerable superiority in endurance 
among those using the lesser amounts of protein. But while the trend 
of evidence seems at present to favor a reduction in protein, the ques- 
tion is not yet settlea.* There exist many conspicuous cases of nigh 

• See Russell H. Chittenden, ** Physiological Economy in Nutrition," New York 
CStokes), 1904, and "The Nutrition of Man," New York (Stokes), 1907. 

^ " Enquete Scientiflque sur les Vegeteriens de Bruxelles," par Mile, le Dr. J. 
loteyko and Mile. Varia Kipiani, Bruxelles (Lemartln), 1907. For English 
abstract see ** Diet and Endurance at Brussels," Science, Vol. XXVI, 1907, pp. 
561-563. 

^ An exception is Caspari, " Physiologische Studien liber Vegetarismus," 
Bonn (Hager), 1905; see also Gautler, "Diet and Dietetics," English transla- 
tion, London, 1906. 

' Irving Fisher, " Influence of flesh eating on endurance," Yale Medical Jour- 
nal, March, 1907. 

^ See, for example, Prof. F. O. Benedict* b paper on " The nutritive require- 
meits of the body," American Jouiaal of Physiology, VoL Xyi, 1906, pp. 
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ptotehv Bttd great endurance. A stariking instance is that of the 
pedestrian Weston. 

In an experiment on nine healthy sttnients, the writer found that 
thorough mastication seemed to cause a gradual decrease in protein. 
The significance of the experiment lay in the improvement in physi- 
cal endurance of eight of the men, which incr^ised over 90 per cefnt 
ih five months. The ninth man — the only one whose protein was not 
greatly reduced — failed to improve in widuranoe.* 

Section ^.Sxeriian and fatigue. 

Exertion increases combustion of oxygen, and the capacity for ex- 
ertion is intimately related to the completeness of this combustion. 

Experiments in artificially administering oxygen to athletes have 
been made in England by Hill, Flack, Pombrey, and others.^ Fol- 
lowing these, a series or experiments in swimming recently took 
place at Huntington, L. I. The swimmers to whom oxygen had been 
administered surpassed their nonoxygenized competitors as well as 
their own previous natural records. Doctor Bising, who carried on 
the experiment, states that the effects of oxygen inhalation are useful 
for short efforts only. At most the oxygen exercises its influeiice 
for not more than three minutes. 

Perhaps the most important of the common influences affecting the 
capacity to resist fatigue is physical exertion. It is well known that 
a man " in training " has greater endurance than one who attempts 
exertion without previous systematic exercise or training. In general, 
it may be said that a person in the " pink of condition " is fit not 
only tor physical but also for mental exertion. The great majority of 
adults are far from being " in condition," suffering either from lack 
of exercise or from too much exercise. The ordinary man errs either 
in one direction or the other. The brain worker lives too sedentary a 
Kfe, while the manual worker, through fatigue caused by long hours, 
is in a continual state of overexertion. Could these conditions be 
rtmedied, endurance, as measured by capacity to withstand prolonged 
strains, might be greatly increased. 

Experiments have shown that physical endurance cen be doubled 
by dietetic causes alone, or douoled by exercise alone. By both 
together it is not unlikely that it coula be tripled or quadrupled. 
But when it is said that the endurance, or capacity for exertion, of 
the ordinary healthy ma,n could be thus multiplied, it is not meant 
that the hours of his daily work, or even his daily output of work, 
could be increased in such a ratio. What it does mean is the removal 
of the fatigue limit, a freer and more buoyant life, and a visible 
increase in the quantity and quality of work per hour. 

In an ideal life fatigue would seldom be experienced. But in 
most lives, unfortunately, fatigue is a daily eicpenence. A workman 
who gives intelligent and systematic care to the body writes that 
when after a long day's work the factory whistle blows at night he, 
unlike his fellows, feels as fresh as wheii he began work in the morn- 
ing. Workmen can by such self-care mitigate some of the evils of 

• Irving Fisher, " Effects of diet on endurance," loc. cit 
» British Medical Journal, 190S, August 22, p. 499; also August 29, p. 578» 
Jourma of Physiology, 1906, XXXVII, 77-112. 
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*• the long day." Dut they are amply justified, both in the interest 
o^ their own and ol national efficiency, in continuing their efforts 
toward a shortening of the work day. 

Section 6. — The working day. 

The present workinj^ day is a striking example of the failure to 
conserve national vitahty. In order to keep labor power miimpaired, 
the working day should be physiological — i. e., it should be such ad 
would enable the average individual to completely recuperate ovei* 
night. Otherwise, instead of a simple daily cycle, there is a pro- 
gressive deterioration. A reduction in the length of the work day 
would be a chief means of improving the vitality of workmen, as well 
as the worth of life to them. 

The fatigue of workmen is largely traceable to their long work 
day and serves to start a vicious circle. Fatigue puts the workman 
in an abnormal frame of mind. He seeks to deaden his fatigue by 
alcohol, tobacco, exciting amusements, and excesses of various kinds. 
The iHomentary relief which he thereby obtains is purchased at the 
expense of an increasing susceptibility to fatigue, resulting sooner 
or later in complete depletion of his vital energies and in the con- 
traction of tuberculosis or other fatal disease. The decrease in the 
length of the working day has not diminished the total output. 

An instance in which the eight-hour day superseded the nme-houf 
(fay with entire success is the case of the Sallord Iron Works, of Mather 
& Piatt, at Manchester, England, which changed to the eight-hout 
day in 1893. As the firm's products were subject to keen competition 
in both home and foreign markets, it was obliged to look carefully 
after the labor cost, and its conclusion that such cost did not increase 
in consequence of the reduction in working hours was reached after 
extremely accurate comparisons by accountants, who of course took 
into consideration the saving in consumables, wear and tear, fuel, etc. 
The Bureau of Labor inquired of Messrs. Mather & Piatt if they were 
still on the eight-hour basis, and received a reply dated May, 24, 1904, 
in which they stated that — 

our experittice since the first year In which It (the eight-hour system) was tried 
has fully borne out the conclusions then arrived at, and we are filly satisfied 
that as regards the comparison between eight and nine hours per day the bal- 
ance of advantages is In favor of the shorter period.® 

In 1884 the hours of labor of about 43,000 worlcmen In British government 
factories and workshops were reduced to forty-eight per week. Of this number, 
16.600 received a reduction of five and three-fourths hours a week, and 24,300 
had their time reduced two and one-half hours a week. With no change in 
piece rates the workmen were able to earn as much as formerly. Day workers 
received an Increased hourly rate of pay to make their earnings per week of 
forty-eight hours equal to those per week of fifty-four hours. It was not found 
necessary to Increase the number of day workers.* 

In 1899 the owners of the great Zeiss optical goods factory at Jena, 
Germany, introduced the eight-hour day and then made careful rec- 
ords of the results. In 1903 it was announced that although the 
aggregate number of hours worked had decreased 15 per cent the out- 
put per hour had increased 16.2 per cent.« 

« New York Labor Bulletin No. 25, June, 1905, p. 240. 

* Board of Trade Labor Gazette, July, 1905, reported in New York Labor 
Bulletin No. 28. March, 1906. 
« New York Labor BuUetin, No. 25, June, 1905, p. 240. 
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At Liege it was found in a sulphuric acid establishment similar to 
a foundry ^ that shortening the working day from eleven hours to ten, 
from ten to nine, and so on gradually down to seven and one-half, 
resulted, in each case, in an increase of the output. 

The Solvay Process Company, of Syracuse, installed in 1892 a 
system of three eight-hour shifts in place of the two previous shifts 
of eleven and thirteen hours, respectively. It was stated by the 
assistant general ihanager in 1905 that the change had considerably 
lessened the wear and tear on the men, and that they could be called 
on to do their work at their highest state of efficiency, which had not 
been possible on the two-shift oasis. President Hazard of the com- 
pany writes : 

In general, I can say that the resnlts of the change from a twelve-hour shift 
to an eight-hour shift were very satisfactory and have continued to be so. 
While the immediate result was to considerably increase the cost per unit of prod- 
uct, the efficiency of the men gradually increased, so that at the end of about 
one year the first increase has been overcome and the cost per unit of product 
fell to a point ev^i lower than had been obtained under the twelve-hour shift, 
and further the time consumed per unit of product has since been so reduced 
that we are today and for some time have been operating with a smaller 
number of hours per unit of product than we had under the twelve-hour shift 

Further proof of the benefits of the change to the three-shift day 
is furnished by the records of the Solvay Mutual Benefit Association 
for 1891 and 1904. The days lost per man by sickness each year fell 
from seven and one-half days in 1891 to five and one-half days in 
1904. 

It is not maintained that in all cases productivity will be as ^eat 
in eight hours as in nine. Cases to the contrary could also be cited. 
The point to be insisted upon is not that it is profitable to an em- 
ployer to make the work day shorter, for often it is not, but to show 
that it is profitable to the nation and the race. Continual fatigue is 
inimical to national vitalitv, and however it may affect the commer- 
cial profits of the individual it will in the end deplete Uie vital 
resources on which national efficiency depends. 

In the interests of this efficiency, a longer time at noon for liinch 
is usually necessary. The present economy of lunch time is short- 
sighted, tends to food bolting, indigestion, a drowsy and tired after- 
noon, and inferior work. This has been shown by actual experience.* 

The accident bulletins of the Interstate Commerce Commission 
contain frequent records of disasters caused by the lon^ hours of rail- 
way employees. In a recent bulletin. No. 27, two collisions are at- 
tributed to the mistakes of employees who have been on duty much 
longer than the instinct of safety should allow. Collision No. 3,« 
which killed 2 and injured 13, was due to the mistake of a station 
operator who had been on duty from 7 a. m. to 3.30 p. m. and who 
had returned to duty at 8 p. m. The collision took place at 12.30 
a. m. the next morning. 

« See L. G. Fromont, " Tine Experience Industrlelle de Reduction de la Joumel 
de TravaU," Brussels, Solvay Institute, 1906. 

* See especially description of a French experiment cited by Hubert Higgins 
in Humanlculture, New York (Stokes), 1906. 

« Accident BuUetin No. 27, January to March, 1908. 
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Sconoir 7. — Importance of preventing undue fatigue. 

The economic waste from undue fatigue is probably much greater 
than the waste from serious illness. * We have seen that the avera^ 
serious illness per capita is usually about two weeks each year. This 
is about 4 per cent of the year. Expressed differently, about 4 per 
cent of the population is constantly sick. 

On the other hand, the number that suffer partial disability 
through undue fatigue certainly constitute the great majority of the 
population. No ob^rver can fail to conclude that this is true of the 
American working, business, and professional classes, and the latest 
word among the students of school hygiene is that it is true to a 
large extent even among children. If therefore we assume that only 
50 per cent of the population is suffering some impairment of its 
best powers through undue fatigue, we are on safe ground. The ex- 
tent to which the power of this supposed 50 per cent of the popula- 
tion is impaired must certainly exceed 10 per cent. When we consider 
that young men, supposed to be perfectly well, have the enormous 
room for improvement indicated m this chapter, and when we con- 
sider the gratifying results of experiments with a shorter work day it 
will be seen that the true impairment is probably several times 10 per 
cent. Yet if only 50 per cent of the population are suffering an im- 
pairment equal to only 10 per cent or its working powers, the result 
IS equivalent to 5 per cent of the population suffering total impair- 
ment which is more than the 4 per cent impairment from serious 
illness. 

The relatively slight impairment of efficiency due to overfatigue 
leads to more serious impairment Just as minor ailments prove to 
have an unsuspected importance when considered as gateways to 
serious illness, so the inefficiency from fatigue is vested with great 
significance as the first step toward minor ailments. Obviou^y if 
overfati^e could be reduced to a minimum, this reduction would 
carry with it the prevention of the major part of minor ailments, 
which in turn would lead to a great reduction in more serious illness, 
and this finally would lead to a great reduction in mortality. A 
typical succession of events is first fatigue, then colds, then tubercu- 
losis, then death. Prevention, to be effective, must begin at the 
beginning. 

But prevention is merely the first step in increasing the breadth of 
life. Life is to be broadened not only negatively bv diminishing those 
disabilities which now narrow it, but also positively by increasing the 
cultivation of vitality. Here we leave the realm of medicine and 
enter the realm of physical training. The first and lowest step is 
gymnastics. This is valuable — far more so than the ordinary seden- 
tary man who neglects it realizes — ^but it is after all a kind of medicine 
not altogether pleasant to take and far less valuable to him who takes 
it' than are atnletic sports, which constitute the next highest stage. 
Beyond athletic sports in turn comes mental, moral, and spiritual 
culture, the highest product of health cultivation. It is an encour- 
aging sign of the times that the ecclesiastical view of the Middle Ages, 
whicn associated saintliness with sickliness, has given way to modem 
" muscular Christianity," typified in Young Men's Christian Associ- 
ations with their gymnastics and athletics. This is but one evidence 
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of the teixdeaey toward the "religion of healthymindedness " de- 
scribed by Professor James. Epictetus taught that no one could be 
the highest type of philosopher unless in exuberant health. Expres- 
sions of Emerson's and Walt Whitman's show how much their spirit- 
ual exakation was bound up with health ideals. " Give me health and 
a day," said Emerson, " and I will make the pomp of emperors ridicu- 
lous." It is only when these health ideals take a deep hold that a 
nation can achieve its highest state of developmjent. Any country 
which adopts such ideals as an integral part of its practical lire 
philosophy may be expected to reach or even excel the development 
of the health-loving Greeks. 

The means of securing both the negative prevention of invalidity 
and the positive accumulation of vitality will form the subject of 
Part HL 
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Chapter VI. — Conservation through heredity. 
Section 1. — Heredity and environment. 

That the waste of life through preventable disease and death is 
enormous appears clearly from the facts already cited. The practical 
problem is this : If such waste is really preventable, what are the con- 
ditions necessary to make prevention an accomplished fact? There 
are two main conditions. First, a general desire for improvement; 
second, a general knowledge of how to secure that improvement. 

Once the general public recognizes the needless waste of vitality, 
it will not be content until that waste has been eliminated. To such 
an awakening the American instinct of economy is in itself a power- 
ful spur. Practical men are coming to consider it " good business " 
to take some care of their own vitju resources. As this view gains 

f round, habits and fashions will adapt themselves to the change, 
'he foUy of the man who loses his health in the pursuit of wealth, 
and then for the rest of his days spends his wealth to win back health, 
is beginning to be aDpreciated. 

Human vitality aepends upon two primary conditions, heredity 
and hygiene, or conditions preceding birth and conditions during life. 
In other words, vitality is partly inherited and partly acquired. 

It is well known that cultivated plants and animals have been 
greatly changed and developed by breeding. "The original apple, 
as oflFered by nature to mankind, was the small, sour, bitter crab oi 
the forest, unpleasant, indigestible, innutritions. * * * In 1710 
Doctor Davenant, a writer on political economy, estimated that the 
average weight of dressed cattle did not exceed 370 pounds. * * * 
In 1846 McCullock stated that 'at present the average weight of 
cattle is estimated at or about 800 pounds.'"" 

Human hereditv is now dependent on haphazard selection. Little 
attention is paid by those who contemplate marriage to the question 
of how much stamina will be transmitted to the next generation. The 
story was told of a famous dog fancier who, when asked why he paid 
i*o much attention to his dogs but delegated the care of his children to 
nurses, replied : " My dogs have a pedigree." Human pedigrees, no 
less than canine, rest on a physical basis ; yet genealogical records of 
human beings, while they have much to say of social position, have 
very little to say of physical capacity or intellectual ability. Those 
who, like Galton and Pearson, believe in a science of eugenics, hope 
that the day will come when pride of inheritance will include as iyn- 

<> See Dr. Edward Jarvis, Political Ecouomy and Health, Fifth Report, Mass. 
Board of Health, 1874« Doctor Jarvls adds that human life is as ** expansible ** 
as animal U^ 
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portant, if not as the chief items, physical, mental, and moral stam- 
ma. A tendency in this direction can be discerned. Whwi the no- 
bility commanded the reverence of all classes, quite irrespective of 
ability, commoners, however well endowed by nature, could never ob- 
tain the same respect. But to-day the English House of Commons is 
more honored and respected than the House of Lords. 

Once the importance of a physical pedigree comes to be rated at 
its true value, a man's pride m his own inneritance will show itself 
in a correlative feeling of responsibility for future generations. For 
the sake of children yet unborn, men and women will set for them- 
selves physical ideals of the highest order. 

Section 2. — Euffenics. 

The whole question of race improvement through heredity consti- 
tutes the subject-matter of the new science of eugenics. The devotees 
of this science are at present engaged in studying the laws of heredity 
in all its aspects. The Mendelian doctrine of heredity, with the 
theories of Darwin and Weissman, are some of the topics which need 
to be studied in reference to their practical application. 

Until more results have been obtained, it would be premature to 
make great claims for the possible future usefulness of applied 
eugenics. A word may be saia to prevent misunderstanding as to its 
aims. Many have supposed that the object of eugenics was to bring 
about suitable marriages by compulsion of the Government. Such a 
proposal would not only l>e absolutely impracticable, but would de- 
feat the very ends aimed at. Marriage, above all human choices, 
must, as a rule, be left to the individual, guided by his ideals alone. 
By the change of these ideals alone can the character of marriages 
be influenced. Sir Francis Galton, the founder of the science of 
eugenics, expects intelligent public opinion to be the chief guide in 
marriage. Just as the union of brother and sister is tabooed, and 
the marriage of even first cousins* is eyed askance — whether justly or 
not does not matter — so, if the aims of eugenists are carried out, an 
obviously unhygienic marriage will be frowned upon. It was some- 
what in this way that the ancient Sparta raised its vitality to a high 
point of physical excellence. 

Galton has pointed out * that present restrictive rules of marriage 
selection are endured without any sense of loss of privilege or free- 
dom. For example, members of the European nobility are, in their 
marriage choice, restricted almost wholly to fellow-aristocrats; yet 
so much has this restriction become a part of their ideal and creed 
that the narrowness of the range of choice is not usually realized. 

Even granting that some marriages are studiously calculated to 
win money or title, a much stronger or more pervasive, although 
unconscious, influence is exerted by the ideals which young men and 
women at marriageable age have formed of what their compan- 
ions for life should be. Nothing is more certain than that if irom 

•In at least 20 States the marriage of first cousins is forbid<)en by law. An 
excellent discussion of this subject is contained in " (Consanguineous Marriages 
in the American Population," by G. B. L. Arner, Ph. D., New York ( Longmans) » 
1908. 

•"Sociological Papers," London (Macmillan), 1906, Vol. II, p. 12. 



Digitized by 



Google 



FI8HXB.] NATIONAL VITALITY. 673 

childhood they were trained to regard vitality as the first essential in 
an ideal man or woman, this would influence their personal fancy. 
Health, beauty, and vitality are natural objects of admiration and 
love. Titles, wealth, and other extraneous attractions are not. To 
lessen the public esteem for these, and to increase the esteem for 
natural human merit, will tend to increase not only the number of 
healthy marriages, but the importance of the role played by normal 
love. If, therefore, eugenic ideals ever hold sway, love marriages will 
not only continue to exist, but will become more frequent. Love is a 
primal and natural instinct, and the more natural men and women 
are, and the more highly they esteem natural vitality, the more will 
they be guided bv mutual attraction. 

If a considerable percentage of the population once shall come to 
regard vitality as an essential endowment, the effect on mating will 
be felt in two ways: First, a larger percentage of healthy persons 
will marry, leaving a larger percentage of unhealthy persons single ; 
second, healthy persons will mate with each other, and unhealthy 
persons, in so lar as they marry at all, will do so among themselves. 
Of mixed matings there will be a smaller number. Both of these 
results will tena gradually toward the improvement of the race. 
That the first — ^the increased proportion of marriages among the 
healthy — will do so, is obvious. The second — ^the marriage of like 
with like in respect to health — would, it seems probable, operate to 
increase the number of progenv of healthy couples and decrease that 
of the unhealthy, especially aner the first generation. 

Since athletics have come into vogue it is well known that the 
athletic ideal has led to athletic mating. The tendency of the present 
devotion to athletics must be to elevate the respect for physical 
prowess. The high esteem entertained in Japan for physical train- 
mg and for hygiene as a guarantee of the fighting power of the 
country, constitutes an object lesson, if not a warning, to Americans 
who wish their country to be the peer of the best. It would be follv, 
of course, to expect any change in ideals so complete that there would 
not be numerous exceptions to hygienic mating, but, once the bulk of 
mankind are ffuided by a truer principle in forming marriages, the 
effect on racial development will make itself distinctly felt within a 
generation. As President Roosevelt has said: "The preservation 
of national vigor should be a matter of patriotism." Some persons 
would even make it a matter of religion. 

Section 8. — Eugenics and law. 

It is possible, however, that governmental interference with the 
birth rate may in foture be employed to a limited extent. Two ways 
have been suggested: One is for the Government to give prizes or 
bounties to couples that conform to certain specified standards in the 
.same way as the French Government has encouraged the increase of 
population by offering inducements to couples of the poorer class 
who raise seven or more children.<» 

The second is to forbid alliances among criminals, paupers, and the 
feeble-minded. These classes fall under the tutelage of the State, 

« In 1889, fathers of seven children were made exempt from payment of the 
personal property tax. This exemption was in 1800 limited to fathers who paid 
taxes of not over 10 francs each. 

72539— S. Doc. 676, 60-2. vol 3 43 ^ t 
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and thereby f orfeit . their right to free choice. Already Indiana,* 
Connecticut,* Michigan,^ and other States in this country, have 
passed laws of this sort. 

Indiana extends the prohibition to all persons suffering from trans- 
missible disease of any sort. This prohibition is called into daily 
operation in that State. It is in the power of the Indiana state board 
of health to raise by degrees the standards of health demanded of 
those who desire license to marry, a provision that aims directly at 
the improvement of human vitahty in the State. Indiana has gone 
even further and has recently provided* that confirmed criminals, 
imbeciles, idiots, and rapists, procreation by whom is deemed inad- 
visable by experts, shall be unsexed (or "sterilized") by surgical 
operation. Under this law over 800 prisoners have been sterilized to 
date.* 

The experiments started in Indiana and other States will be inter- 
esting to watch, and promise an improvement over the conditions 
which have prevailed too often in the past. Professor Brewer, of 
Yale, tells or a case in Connecticut some years ago where a feeble- 
minded pauper woman, kept as a pjublic ward, was admired by a 
half-witted farmer living in an adjoining town. A selectman of 
the town maintaining the woman " to get rid of her support " en- 
couraged their marriage. His short-sightedness, even from the stand- 
point of immediate money economy, to say nothing of racial economy, 
became apparent when, a few years later, she "and her husband and 
three idiotic children drifted into the poorhouse of the husband's 
town. 

That laws like the ones discussed, but of gradually increasing 
severity, will become common in the future seejns likelv; and, as 
Professor Lankester has remarked, humanity will probably submit 
in the future to communal restriction of the nght to multiply with as 
good grace as it has given up the right to rob and to rape.^ 

The effect of restrictions upon free right of marriage is discussed 
by Doctor Hurty, secretary of the Indiana state board of health, as 
follows : 

It seems most essential and necessary that we have laws for the preventl(m 
of the production of the unfit if society is to be saved from destruction. Modem 
hygiene, under which I include in this instance all such benevolent institations 
as insane asylums and institutions for the feeble-minded, is extending the dura- 
tion of life of the dependents and deficients, and it might be added that the 
humane and hygienic care in the prisons is extending the duration of life of the 
delinquents. In Indiana the life duration of the insane has been extended eight 
years within the last two decades. This slight extension means a very con- 
siderable burden upon the people, and if this class of deficients is unrestricted 
we can readily see what a burden time will place upon society. The production 
of the unfit must cense if charity and hygiene continue. Otherwise it seemfl 
certain that society will be swamped. 

« Indiana Laws of 1905, chap. 126, H. 118, sec. 3. 

* Connecticut Statutes (revision of 1902, sec. 1354), forbid the marriage of 
epileptics. 

^ Michigan forbids the marriage of epileptics. 

* Indiana Law of 1907, chap. 215, H. 364. 

* Letter from Dr. J. N. Hurty. 

^E. R. Lankester, "The Kingdom of Man," Ix)ndon (Constable), 1907, p. 4L 
The recent report of the Royal Commission on the Care and Control of the 
Feeble Minded recommends such restriction. 
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While institutional treatment of the insane is right and proper 
from a humanitarian point of view, by bringing an increase in the 
average insane lifetime it adds to the public burden and enlarges the 
figures of the living insane. Mr. Sanborn estimates the average 
insane life in Massachusetts at thirteen years, of which at least three 
years occur, on the average, before hospital treatment is applied. 
He adds: 

I suspect we have come nearer to statistical accuracy on this question In 
Massachusetts than has been reached in any region of equal population any- 
where. The world has been gradually coming round to the conclusions reached 
by the late Dr. Pliny Earle (of Northampton) and myself, viz, that the changes 
in the social and sanitary conditions of all civilized countries have increased 
the number (proportioned to population) of new cases of insanity, while the 
improved treatment of patients in the meantime has made the average insane 
life longer than formerly, and that in spite of the well-known increase in forms, 
like paresis and epilepsy, which may soon end fatally. 

Interesting records exist of two families of criminals, the so-called 
"Jukes" and the "Tribe of Ishmael." From the one man who 
founded the "Juke" family came 1,200 descendants in seventy-five 
years; out of these, 310 were professional paupers, who spent an 
aggregate of two thousand three hundred years in poorhouses, 50 
were prostitutes, 7 murderers, 60 habitual thieves, and 130 common 
criminals. 

Dugdale • has estimated that the " Juke " family was an economic 
loss to the State, measured in terms of potential usefulness wasted, 
costs of prosecution, expenses of maintenance in jail, hospital, and 
asylums, and of private loss through thefts and robberies of |l, 800,000 
in seventy-five years, or over $l,oS3 for each member of the family. 

Similarly, the " Tribe of Ishmael," numbering 1,692 individuals in 
six generations, has produced 121 known prostitutes and has bred 
hundreds of petty thieves, vagrants, and murderers. The history of 
the tribe is a swihly moving picture of social degeneration and gross 
parasitism, extending from its seventeenth-century convict ancestry 
to the present-day horde of wandering and criminal descendants. *» 

Had the original criminals in the "Juke" family and the "Tribe 
of Ishmael" b^n sterilized under some law like that of Indiana, this 
country would not only have been spared a widely disseminated 
criminal, epileptic, and immoral strain, but would have saved hun- 
dreds of thousands of dollars paid out for criminal suits and for 
institutional care, to sa.v nothing of the expenses still to come from 
the incapacity and criminality of future generations. 

These cases present only one side of the case. Over against them 
may be set illustrious families in which great intellectual ability and 
moral worth have been passed on through many generations. Such a 
one is the Hohenzollern family. In commenting on the frequent oc- 
currence of persons of surpassing mental and moral attainments in 
this family, Woods*^ says : " It is particularly suggestive of what might 
be done with the human race were mankind ever so inclined." A simi- 
lar example from^ different walk in life is afforded by the Darwin 
family, where for four generations in direct line (Erasmus, Charles, 

•R. L. Dugdale: "The Jukes/* New York (Putnam), 1877. 

•Oecar C. McCulloch, ** The Tribe of Ishmael," a study in social degeneration. 
"Report of Fifteenth Annual Conference of Charities and Corrections, 1SS8," 
pp. 154-169. 

«F. A, Woods, "Mental and Moral Heredity,'* New York (H^lt), p. ,79. 
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Gteorge, Horace, and Francis) as well as in collateral lines (e. g., 
Frances Galton) scientific ability of the first rank has been manifest.* 

President Roosevelt has pointed out that " race suicide " is a sign 
and accompaniment of coming decay. Mere numerical increase is 
not the whole solution, however; there must be improv^nent in 
quality also. A race that can not hold its fiber strong and true de- 
serves to suffer extinction through race suicide. The decline of our 
Puritan stock, so well pictured in the genteel but worn-out Pyncheon 
family of Hawthorne's novel, need not alarm us if we can replace it 
with a new influx from the West or from the vigorous stocks of 
Europe. 

There is one problem which concerns both the numbers and the 
quality of future generations^ which hitherto has received practically 
no attention except in a partial report upon the subject in Australia. 
This problem is, What is now and will be the effect of voluntary 
childlessness upon the size and character of the birth rate and ui>on 
morals? It would be useless, here, however, to do more than mention 
this as one of the gravest problems in the world to-day. Bonald M. 
Barnes* shows that the lecundity of Yale graduates has steadily 
diminished from 5.7 for the graduates of 1701-1791 to 2.0 for those of 
1867-1886. This reduction is much greater than the reduction for the 
whole country, which is reported by the census to be from 5.8 in 1790 
to 4.6 in 1900. Degenerates have large families. From a study of 150 
degenerate families. Doctor Tredgold ^ found that the average num- 
ber of children per family was 7.3, while the normal average for the 
country at large (England) is 4. These figures do not specify the 
frequency of marriage among degenerates or the mortality. Unless 
the one is sufficiently low and the other sufficiently high, there must 
follow deterioration. Greneral reduction of the birth rate may end in 
depopulation. It is not unlikely that this phenomenon will be the 
stimulus needed to bring about practical eugenic reforms. 

What eugenics might possibly accomplish is indicated by one 
writer in the following manner: "How rapidly the race would ad- 
vance if mankind shoind resolve: ^The next generation must be bom 
with healthy bodies; must be nurtured in healthy physical and moral 
environments; and must be filled with the ambition to again give 
birth to a still healthier, still nobler, generation;' " <* 

«Tbe Frances Galton Laboratory for National Eugenics, University of Ix)n- 
don» is soon to issue a " Treasury of Human Inheritance," containing pedigrees 
illustrating inheritance of various types of intellectual ability, of tuberculous 
stocks, of epilepsy, physical depravity, etc 

* Yale Review, November, 1908. 

*^ W. C. D. Whetham, " Inheritance and Sociology," the Nineteenth Century, 
January, 1909. 

* Louis R. Eihrlch, " Posteritlsm," an address delivered at the dedication ex- 
ercises of The Century Chest Colorado Springs, Colo., 1901. For literature on 
eugenics, the reader is referred to the following papers and the references therein 
contained : " Eugenics, Its Definition, Scope, and Aims," by Francis Galton, 
American Journal of Sociology, Vol. X, pp. 1-6, 1904. "The Scor>e and Im- 
portance to the State of the Science of National Eugenics," by Karl Pearson, 
Oxford University Press, England. " Social Darwinism," by D. Collin Wells, 
Papers and Proceedings of the American Sociological Society, Vol. I, Unlyersity 
of Chicago Press. "The Human Harvest," by David Starr Jordan, Boston 
(American Unitarian Association), 1907. " Eugenics," by Prof. Albert G. Keller, 
Yale Review, August, 1908. "A First Study of the Statistics of Pulmonary 
Tuberculosis," by Karl Pearson, Drapers Company, Research Memoirs, London 
(Delau & Co.), 1907. 
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Chapter VII. — Conservation through ptiblic hygiene. 
Section 1. — Municipal hygiene. 

Whatever improvements in heredity may sometime be achieved, the 
benefits of their influence can be enjoyed only by future, perhaps dis- 
tantly future, generations. We of the present generation have to take 
our heredity as we find it. We can not follow the advice of the hu- 
morous philosopher to begin life by selecting our grandparents; but, 
through hygiene, we can make the most of our inherited endowment. 
Even such a limited effort offers large — amazingly large — rewards. 

Ideal conditions for health comprise a pure and disease- free atmos- 
phere in which to live and work ; pure food and a pure water supply ; 
protection from infection and accident; and a proper adjustment of 
work, rest, and amusement. Existing conditions are not only far 
from ideal, but also far from what might easily and speedily be 
attained. 

That the saving power of hy^ene is great is now universally recog- 
nized; that it Will be greater is the hope and belief of those most 
competent to judge. " If hygiene were able to prolong life when it 
was little developed, as was the case until recently, we may well be- 
lieve that, with our greater knowledge of to-day, a much better result 
will be obtained."** 

There is every reason to believe that human beings are as amenable 
to cultivation as other animals and plants. Professor Graves, of the 
Yale Forest School, states that by protecting trees from infection 
their lives may often be prolonged a century. Domestic animals are 
equally dependent on care. Doctor McGee states that the growth of a 
colt may be stopped by giving it alcohol. 

The methods of securmg improvement in health conditions may be 
roughly classified under three groups: Public hygiene, semipublic 
hygiene, and personal hygiene. The first group refers to activities 
01 the government; the second refers to activities of the medical 
profession and institutions such as hospitals, sanatoria, schools, and 
factories, and to voluntary associations; the third group deals with 
the private life of the family and the individual. Each of these 
three groups covers phases of all three branches of hygiene, viz, 
the hygiene of environment, nutrition, and activity.* 

In mis chapter we have to deal with public or governmental 
hygiene. This branch has been chiefly concerned with pure air and 
pure food and with organisms producmg epidemic diseases. Boards 
of healtii are a recent invention, and in this country they have as yet 
been only imperfectlv developed. They can never become the power 
they should be until, first, public opinion better realizes their use- 
fulness and the fact that their cost to the taxpayer is saved many 
times over by the prevention of death and disease ; second, more and 
better health legislation is enacted — national, state, and municipal; 
and, third, special training is secured for what is really a new pro- 

• Metchnikoff, ProloDgatlon of Life, p. 144. 

* Since this report was written there has appeared the excellent and inspiring 
"Civics and Health." by William H. Allen, Bureau of Municipal Research, New 
York (Ginn), 1909. 
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fession, that of public health officer — a profession already recognized 
in England by a special diploma. 

The health officer should be supported entirely by the salary of his office and 
should be absolutely prohibited from practicing medicine. Not only are his 
duties incompatible with practice quite as much as those of judges with the 
practice of law, but if he gives them proper attention thwe is no time for other 
duties. No court, police, or flre department, or other agency of government, 
can l>e more important to a people than this under the complex conditions 
incident to the rapid growth of both rural and urban populations. It is so 
important that this be realized that it is worthy of serious consideration as to 
whether it would not be better for all imperfectly equipped and supi>orted 
health boards in this country to resign — ^so that the authorities and people 
would be brought face to face w^ith the knowledge that they have no real pro- 
tection except in the emergency of an epidemic — than for existing conditions to 
continue. 

Laboratories, research workers, statisticians, and other facilities for the 
performance of a national board of health's duties should be furnished in pro- 
portion to the power and wealth of the Government and the vast interests It 
would protect and promote. The results of its scientific and collective investi- 
gations should be constantly utilized in promoting health in the army and navy, 
in protecting streams and soils from pollution, in the construction of interstate 
waterways, in the reclamation of swamp lands, and in other public works 
involving health problems of supreme importance to the future of this country.* 

Public hygiene may be studied under three heads, corresponding to 
our governmental divisions: Municipal hygiene, state hygiene, and 
federal hygiene. 

Municipal hygiene and sanitation are placed largely in the hands of 
citj^ boards of health, or equivalent organizations, which have power 
to issue sanitary regulations, abate nuisances, and even to puni?ih 
infractions of their instructions by fine and imprisonment. Sanitary 
legislation is a product of advanced civilization. To-day not a city 
is without a board of health. The powers of these boards have 
grown, till to-day they are by no means inconsiderable; yet they 
must be given even greater authority, if our municipal sanitary con- 
ditions are to be what they should. Public apathy and political 
interference are such that health authorities can not enforce their 
orders. In addition to the acquirement of greater power, city health 
boards often need purification of motive and the banishment of 
political bickerings and personal jealousies. 

The simplest ordinances along the line of public hygiene are those 
against spitting, which now remain so largely unenforced. 

The smoke nuisance is another seemingly simple form of air vitia- 
tion that is receiving attention to-day. Sulphuric acid is apparently 
the most injurious factor. The corrosion of stone structures suggests 
the irritation resulting in catarrh and other respiratory mucous- 
membrane troubles.^ 

The effect of the introduction of closed sewers on the reduction of 
tuberculosis should not be overlooked. By closing sewers, impure 
gases have been confined, thereby removing an important source of 
air pollution. Some cities realize that pure air spells life and health 
to its inhabitants, and that pure air is a possibility only when atmos- 
pheric particles of soot and dirt are removed. 

Regulations governing garbage removal, notification and isolation 
of disease, and the like are as a rule enforced, and new regulations 
are being issued constantly. Substantial progress is shown each year 

« Letter from Dr. J. N. McCormack. 

* See Journal American Medical Association, September 7, 1907, p. 813. 
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in the purification of city water supplies, in the improvement of sew- 
age disposal, and in the bettering of drainage conditions. Streets 
are more thoroughly cleaned and the elimination of public and private 
nuisances continues without ceasing. 

Our city streets have received greater care since Colonel Waring 
organized his " white wings " brigade in New York City a dozen 
years ago, thus proving the great effectiveness of clean streets in the 
elimination of aisease. The probable elimination of the hoi^se from 
our city life, through automobiles, the betterment of our trolley sys- 
tems, and the intrcSuction of subways (especially freight subways) 
will go far to improve our city atmosphere. The problem of city air 
will be half solved when our streets reach their proper state of clean- 
liness. The gradual elimination of the horse will tend not only to 
produce cleaner air, but also to reduce the dangers from flies. It is 
m horse manure that the common horsefly (" typhoid fly ") chiefly 
breeds. Doctor Howard attributes the termination of typhoid in 
certain parts of Washington to the displacement of the horse by the 
automobile. 

Only within a dozen years has the dread importance of insect car- 
riers of disease been realized. That mosquitoes carry malarial germs; 
that flies are the propagators of typhoid, cholera, and other infectious 
diseases ; that rats breed the fleas which transmit to man the dreaded 
Asiatic plague • — all this knowledge is of recent origin.* 

Well people are sometimes earners and distribute typhoid, diph- 
theria, etc, a fact which complicates public-health regulations. 

The simple reporting of all contagious disease to the health au- 
thorities immediately on its appearance is often the means of prevent- 
ine. an epidemic. 

Smallpox epidemics are prevented both by quarantine and vacci- 
nation. Because of the outcry against compulsory vaccination, in some 
places the r^onsibility for vaccination is being thrown upon the 
mdividual. This is true in Leicester, England, and in Minnesota. 
Doctor Bracken, secretary of the Minnesota State Board of Health, 
writes that since the quarantine has been abandoned and the indi- 
vidual has had the option of being vaccinated or not, a larger number 
has been vaccinated and smallpox has diminished. 

We are awaking to the importance of securing for ourselves, 
through our city health agencies, a pure milk supply. Great danger 
is also present in cream, butter, cheese, and ice cream. More than one 
city has inaugurated a policy of careful supervision of the milk sup- 
ply. Montclair, N. jt, has a well-considered plan in operation 
whereby the bacterial count of each dairy is public to inquirers at 
the board of health. This species of publicity will some day prove a 
strong incentive to a better milk supply. Some cities have even estab- 
lished municipal stations, where during the summer season sanitary 
milk may be purchased at cost. Doctor Goler, of Rochester, has em- 
phasized the fact that " We employ physicians to cure children af - 

•See Rupert Blue, ''The prophylaxis and eradication of plague/* California 
State Journal of Medicine, Vol. V, 1907, p. 304. 

*A full treatment of the subject of . insect-borne disease has been prepared 
by Dr. L. O. Howard, Chief of the Bureau of Entomology of the Department of 
Agriculture, for the National Conservation Commission. See also Charles Har- 
rington. M. D.. "Practical Hygiene^" Third Edition, Philadelphia, (Lea), 1905, 
pp. 637-060. 
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• 

fected by the diarrheal diseases from dirty milk, while we permit the 
sale of (urty milk from filthy cattle." « 

In Koch^ter, through the efforts of Doctors Goler and Roby, a few 
municipal milk stations were established in 1897, where during July 
and August milk in nursing bottles could be bought at a low price. 
The reduction in the Rochester infant death rate between 1897 and 
1906 is doubtless due to many other conditions than the quality of 
milk ; but the special attention drawn to the milk supply and the con- 
sequent education of the public, which probably boiled its milk when 
it could not get it clean, would explain a considerable part of the 
reduction.^ 

The interrelation of the purity of milk supply and infant mortality 
is shown by the following excerpt from Doctor Woodward's annual 
report as health officer of the District of Columbia for the year 1907 : 

High as is the infantile mortality even now from diarrhea and inflammation 
of the bowels, it is far below the figures that formerly prevailed. 

The only explanation for the fall in the death rate from infantile diarrhea 
that I have t)een able to discover is the enactment on March 2, 1895, of the law 
regulating the sale of milk in this District and the establishment of dairy and 
dairy-farm inspection under the provision of that law. 

The weekly report of the Cincinnati board of health for August 
21, 1908, states: 

As far as we know, there has been but one death among the babies whose food 
supply has been obtained from the milk stations. When it Is taken into con- 
sideration the large number of children we have supplied, this statement is 
certainly a fitting commentary upon the value of a bacteria-free and chemically 
pure milk. 

At the recent International Congress on Tuberculosis, one delegate 
reported an experiment in England which has not yet appeared in 
print. In Liverpool the local government board triea the experiment 
of using pasteurized milk. The amount of illness and death in that 
city from children's tuberculosis is very great, yet among 1,800 chil- 
dren who were given pasteurized milk and who were carefully 
watched every week not a single case of tuberculosis developed, 
which seems to prove concJnsively that children's tuberculosis is en- 
tirely preventable by the use of pure or pasteurized milk. This is 
interesting, though at variance with former opinion regarding bovine 
tuberculosis in children. 

In this section should also be mentioned such municipal health 
agencies as public baths, bacteriological laboratories, and the dis- 
tribution ana administration of specific antitoxin, vaccine, and free 
medical service. Municipal inspection of local abbatoirs is also im- 
portant, inasmuch as federal inspection covers only establishments 
engaged in interstate business. 

Sfost important of all is the matter of preventing pollution of the 
water supply of cities, a topic that w ill receive fuller treatment later 
in the chapter. 

» See George W. Goler, M. D., " Municipal regulations of the milk supply," 
paper at the meeting of the American Medical Association, 1907, p. 2. For con- 
clusions based on a study of 330 milk-borne epidemics, see George M. Ko- 
ber, M. D., "Milk in relation to public health," S. Doc. No. 441, Government 
Printing Office, 1902. 

* See George W. Goler, M. D., " Origin, development, and results of municipal 
milk work in Rochester, N. Y.," Maryland Medical Journal, June, 1906. 
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The needs of municipal as of state hygiene are not so much new 
laws as better men to enforce existing laws and an aroused public 
opinion that will result in the appropriation of funds sufficient to 
enable health authorities to perform their duties in an efficient man- 
ner. Larger appropriations will doubtless bring better men into the 
public-health service. 

Section 2. — State •hygiene. 

State hygiene is necessary to supplement municipal hygiene for 
many reasons. One is that the country often has no other sort of 
sanitation possible. Another is that the city is dependent on the 
country for its water, milk, and other supplies. Dr. W. G. Daggett, 
of New Haven, has emphasized the fact that in origin typhoid is 
largely a rural disease and must be combated by controlling rural 
privies and other sources of infection.** A competent authority as- 
serts that " old country wells, so much valued by their owners, are 
a positive menace to public health. Fully 50 per cent of these are 
unfit for use." Much of the typhoid fever brought by milk is readily 
traceable to such wells. 

In the control of the liquor traffic the State and local units should 
cooperate.^ 

A state, rather than a municipal, function is the reflation of 
woman labor and child labor. The growth of public opinion on this 
point has been rapid. In order to make the working hours meet 
the physiological requirements of women, two special conditions 
should be attended to. One is her monthly period ; the other is child- 
bearing. The neglect of both is responsible not onlv for physical 
impairment of factory women, but also for their inability to perform 
their functions as mothers of the race. Doctor Stiles, of the Public 
Health and Marine-Hospital Service, has suggested a very sensible 
remedy to meet the first of these conditions, and one which has met 
with the approval of many factory employers. It is that each woman 
shall have the right, once every month, to walk out of the factory 
without any questions being asked, and without loss of the day's 
wages. The matter is further simplified in factories provided with a 
matron and a rest room. In respect to the second condition — that of 
childbearing — the evidence is clear and convincing. Women, on 
account of their imperfectly developed muscular system and more 
delicate physique, are unfitted for hard work; nor should they be 
obliged to work steadily in a sedentary position, especially at the sew- 
ing machine, or other occupations mvolving the use of the lower 
extremities. Special protection should be extended to them during 
the childbearing period. It is a matter of constant observation that 
women who have to deny themselves proper rest and care during the 
next six weeks after confinement are very liable to suffer from hemor- 
rhages and chronic uterine diseases, while miscarriages and prema- 
ture births are not infrequent results of overwork.^ 

o •* The prevention of typhoid fever," Proceedings Connecticut Medical So- 
ciety, New Haven. 

*> See •* Regulation of the liquor traffic," Annals American Academy of Political 
and Social Science, November, 190S. 

<^ George M. Kober, M. D., " Industrial and personal hygiene,'* " Report of 
Committee on Social Betterment of the President's Homes Commission/' Wash- 
ington. 1908, pp. 67-68. 
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The employinent of mothers shortly before and after the time of 
childbirth is prohibited in a number of European countries. Ameri- 
can statutes, however, are almost silent on the question.* Professor 
Jevons went so far as to advocate the enactment of le^slation forbid- 
ding the employment of mothers till their youngest diildren were at 
least 3 years old. 

The beneficial effect on the mother, and especially on the child, of 
forbidding the factory to her just before and after childbirth has 
been proved many times. The case of M. DoUfus, a large employer 
of women at Mulhausen, in Alsace, has been repeatedly cited. He 
required mothers to remain away from their work for a period of 
six weeks after childbirth, during which time he paid tnem full 
wages. The decrease in infantile mortality in the first year of the 
experiment was from more than 40 to less than 18 per cent.^ 

The waste of vitalitv from unphysiological hours of work is most 
striking in the case oi children. It is hardly to be questioned that 
children need longer hours of rest and sleep than adults, and that 
their immature bodies are much closer to the fatigue limit. A little 
girl in a southern mill replied to Mrs. Van Vorst's query whether she 
were often tired, " Why, I'm always tired." Except in unusual cases 
and for limited periods, child factory labor can not be defended on 
any hygienic grounds. The period of preparation for a wholesome, 
healthy life should be left free from the cares and evil physical in- 
fluences of factory life. No child should run the risk of serious acci- 
dent, deformity, dwarfing, or mental stunting through factory labor. 
It is true that in the South child labor is often the lesser of two 
evils, the other being the life on a farm where, through soil pollu- 
tion, the child contracts hook-worm disease. Here the abolition of 
child labor should be preceded by the abolition of hook-worm disease.** 

Closely connected with the restriction of child and woman labor 
is factory legislation in general, dealing with hours of labor, factory 
hygiene and sanitation, and dangers from industrial accident. 

The hours of labor have for a century been on a gradual decrease. 
A hundred years ago fourteen and fifteen hours were by no means un- 
common. The first public action regarding hours of labor was taken 
by President Van Buren in 1840, when he set ten hours as the limit 
of the working day in all government establishments. Thirty years 
later this was lowered by Congress to eight hours. Since 1850 the 
fight has been waged for a shorter day, both by labor unions and 
individuals; and tne statutes of nearly all States contain legislation 
limiting the working hours of women and children in all industries, 
as well as of all workers in certain industries, especially mining, rail- 
roading, and the more dangerous manufacturing industries. The 
Aldrich report of 1890 <* estimated that the American working day 
averaged eleven and four-tenths hours in 1840 and ten hours in 1890. 
Tables based upon annual reports of the Bureau of Labor show a 
reduction of about 4 per cent from 1890 to 1903,« while it is the 

<»John Spargo, **The Bitter Cry of the Cbildre.i," New York (Macuilllan), 
1906, pp. 44-45. 

* Spargo, loc. cit, pp. 50-51. 

•See ** Report of the Surgeon-General of the PnbHc Health and Marine- 
Hospital Service for 1907/' relating to the investigations of Doctor Stiles. 

'"Report on Wholesale Prices and Wages," 1890, Vol. I, p. 178. 

•T. S. Adams and Helen L. Sumner, "Labor Problems," New York (Macmll- 
lan), 1905, pp. 616-^18. 
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opinion of United States Cofiimissioner of Labor Neill that the 
figures for 1908 would unquestionably be lower than for 1903, as the 
struggle for the shorter working day has been making steady prog- 
ress each year.** 

The frightful losses of life and efficiency from preventable acci- 
dents can be prevented only by state legislation.* 

Our employer's liability acts are very unsatisfactory, because they 
fix no scale of compensation for injuries, but necessitate expensive 
lawsuits to determine in each case the sum due. A president of an 
insurance company doing a large business in emplover's liability 
insurance states that of the sums they pay employers only one-quarter 
reaches the injured employee, who is forced to spend the other three- 
fourths in litigation. In England the workman's compensation acts 
have substituted a system of specific sums for which the employer is 
liable. Not only does this result in larger indemnities reacning the 
injured, because suits are ordinarily unnecessary, but it has the fur- 
ther beneficial effect of reducing the number of accidents by inducing 
employers to instal safety devices. 

The regulation not only of the place of work, but also of the dwelling 
place, has come to demand action on the part of the State as weu 
as of the community. The growth in tenement-house legislation dur- 
ing the past ten years has been most encouraj^ng. Standards of 
sanitation for our large buildings have been raised; provision is in- 
creasingly made for good light, air, water, and for protection from 
fire; and the "rookeries" of old are giving way to improved tene- 
ments. Yet New York City still contains 300,000 rooms without a 
window.^ 

Section 3. — Federal liygiene. 

The regulation of disease has increasingly become a national func- 
tion. The exclusion of immigrants with infectious diseases is only 
one instance of this; another is the work of our Public Health and 
Marine-Hospital Service, which not only regulates the spread of dis- 
ease from State to State, and regulates by quarantine the entry of 
disease from without the country, but also assists local health boards 
in their fights against epidemics and disease scourges. Epecially is 
this true in coastal cities. The Marine-Hospital Service assisted New 
Orleans to eliminate yellow fever and San Francisco to rid itself 
of bubonic plague. In addition, this service treats 50,000 seamen 
of the merchant marine each year, conducts a large number of hos- 
pitals and relief stations, examines pilots, life-saving crews and 
revenue-service men, and conducts a well-equipped hygienic labora- 
tory. 

Federal, state, and municipal sanitation are all concerned with the 
hygiene of transportation. To-day almost the whole American pub- 
lic travels, and it is therefore most important that the conveyances 

» See Bulletin of the Bureau of Labor, No. 77, July, 1908, pp. 6-7 ; also, " First 
Annual Report on Changes In Rates of Wages and Hours of I^bor in Massiichu- 
setts," Boston, 1908, pp. 592-3. 

^The Federal Government can of course reach interstate railways. A law 
passed during the last session provided for a safe locomotive ash pan. Previous 
laws provide for automatic couplers, air brakes, etc. 

^ A. Jaeobi, M. D., "The physical cost of women's work," Charities, February 
2, 1907. 
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which they occupy, whether carriage, cab, street car, or railway train, 
shall be sanitary in respect to ventilation, cleanliness, toilet facilities, 
spittoons, dust, smoke, sleeping-car accommodations, and the like. 
In smoking cars, in addition to the smoke itself, the floors are usually 
befouled with tobacco juice and other expectoration. The eflScient 
remedy here as elsewhere is to be found, not simply in providing 
facilities for cleanliness, but in fostering the present public sentiment 
against spitting and other untidy habits. A physician of experience 
maintains the opinion that " foul air in railway trains and street 
cars is the cause of serious poisonings called ' colds ' and ' grip,' par- 
ticularly in those many trains where air from the smoker sweeps 
through passenger cars." 

The development of our national quarantine methods is indicated 
in the following paragraph from Surgeon-General Wyman, of the 
Public Health ana Marine-Hospital Service : 

Until 1893 there was, properly speaking, no national system of quarantine. 
The colonies had their own quarantine regulations before the formation of the 
Union, and from that event to 1893 quarantine was left to the care of state 
governments and by the latter to county governments or to municiimlities, as 
the case might be. There was, indeed, national legislation, but aU the acts 
of Congress up to 1803 relating to quarantine specially provided that the said 
national measures were in aid of the state and local authorities. Whatever 
opinions may have been held by members of the national legislature, quarantine 
was permitted to be exercised by the States as a police function, and even in 
the present law, which gives national supremacy, it is provided that assistance 
shall be given the States or municipalities by the government authorities, the 
supremacy of the latter being asserted only when the state or local authorities 
fail or refuse to enforce the uniform national regulations.^ 

To-day efficient inspection at our various ports of entry and at 
disembarking stations abroad keeps out many cases of disease each 
year, while the quarantine cordon thrown around ports or municipal 
quarters affected by infectious disease is an important factor in 
stamping out such disease. 

Federal meat inspection chiefly benefits the foreigner, but the ad- 
ministration of the pure- food laws is of value to our own people. 

There are two functions of Federal Government which now are 
very imperfectly served and which might be made of paramount 
importance. They are the functions of research and of the dis- 
semination of information. A poultry raiser, or a cattleman, or a 
farmer can secure scientific information to guide him in his selections 
of fowl, or stock, or seed by applying to the Government at Washing- 
ton, but information on how to raise children has up to this time been 
neglected by our Government. Nothing is to-day more si^ificant of 
future progress than the fact that the President, the President-elect, 
and many Congressmen are so strongly in favor of a greater federal 
organization of health. Through the dissemination of information 
throughout the country, through enactment and administration of 
effective regulations concerning pure food, inspection of meat, and 
exclusion oi foreign diseases, through research, statistics, and through 
better standards for state and municipal health service, a great econ- 
omy of national vitality can be effected. Washington, our national 
capital, might be made by the Federal Government a model city of 

•Walter Wjrman, M. D., "The quarantine system of the United States," 
The Sanitarian, November, 1897, p. 3. See also James W. Gamer, "Federal 
activity in the interest of the public health," Yale Review, 1905-6, p. IfflU 
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healthfulness, as a preliminary to its becoming a model, in every 
other wav. 

Army hygiene in time of war is most important The lack of such 
hygiene has shown grave consequences. In the Boer war the British 
army in South Africa lost more men from typhoid fever than from 
wounds received in battle.* 

The efficiency of Japanese hygiene manifests itself in the fact that 
General Oku's army of 75,000 during the recent Russo-Japanese war 
had but 187 typhoid fever cases in a seven months' active campaign. 

The Japanese reduced their dysentery cases from 12,052 in the 
Chinese war to 6,624 in the Russian war; their cholera cases from 
7,667 to none ; and their malaria cases from 41,734 to 1,257. This was 
in spite of the fact that their army in the Russian war was three 
times the size of that employed in the Chinese war.^ 

The crying need of better statistics is trenchantly expressed by Dr. 
Cressy L. Wilbur, Chief of the Division of Vital Statistics of the Cen- 
sus Bureau, whose words should be read and pondered by everyone 
who desires to see any intelligent conservation of our vital resources : 

Sound vital statistics are the indispensable basis of modem sanitation. A 
nation that does not consider it necessary, or that is not able, to provide ade- 
quate means for registering the births of its own children, or for ofticially 
recording the deaths of Its citizens, can hardly be supposed to attach sufficient 
value to human life to enable sanitary measures for its conservation to be ade- 
quately carried out 

For the continental United States in 1907 somewhat less than one-half of the 
total population (48.8 per cent) was reprenenttHl In the registration area from 
which returns of deaths were received by the Bureau of the Census. For the 
remaining 51.2 per cent of the total population of the United States, estimated 
at 43,774,724 persons, either very Imperfect laws were in effect, giving only 
pai-tial registration, quite worthless for statistical purposes, or else the condi- 
tions in many States might be represented by the statement made by one of 
their health officers, that it buries its dead people with no more ceremony than 
it buries its dead dogs. 

As for the registration of births, a measure which is so supremely Important 
for the knowledge of infant mortality, for the protection of infant life, and for 
securing the legal rights of children, not a single State in the Union nor a single 
city of any considerable size makes positive claim that it registers as many as 
nine births out of every ten that occur. Even the city of Washington, whose 
law for this purpose is a direct enactment of Congress, does not arise above 
this low limit of efficiency. The total number of births must be known before 
one can make a computation of infant mortality which will be comparable with 
the rates given in the vital statistics of all civilized nations except the United 
States. This ratio depends upon the comparison of deaths of infants under 1 
year of age with total births, and, as we have no exact registration of births, 
we can not present these important statistics. 

In the consideration of the effect of such an important disease as tuberculosis 
upon the people of the United States there is no means of knowing, within a 
very wide margin of error, exactly how many persons die from this cause In 
this country during any year. We have registration of deaths for about one- 
half of the population only, and the very dissimilar conditions of life and the 
large proportion of colored population in the unregistered half seriously inter- 
fere with any attempts to guess at the exact number. Estimates have varied 
from 138.000 to 200,000. The truth probably lies somewhere between them, but 
we certainly ought to have an exact record of the facts and not be obliged to 
depend u[)on mere guesswork in entering upon an important sanitary under- 
taking, such as the prevention of tuberculosis. 

»Ditman, loc. cit, p. 17. 

*L. L. Seaman, *' The Real Triumph of Japan," New York (Appleton), 1906, 
pp. 10©-7. 

On the question of army diet, see Blackham ; British Medical Journal, 1908, 
August 8, p. 311. 
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We are laboring?, in conjanction with the American Medical Association, tbe 
American Public Health Association, and with the sanitary officials of as many 
States as we can interest, to extend the registration area as rapidly as possible. 
Ohio lias just adopted an excellent law, which takes effect next year. Not a 
single State in the South has yet succeeded in reaching a satisfactory stand- 
ard — not one of them in fact lias even passed an adequate law. We are de- 
pending upon the voluntary cooperation of the States. The Government has no 
power, it would seem, to collect the statistics or to secure the proper registration 
of births and deaths by its direct action. If all of the important interests in- 
volved could be awakeued to the Importance of this matter, if Congress would 
take a direct interest in the accomplishment of this work, we could secure fniriy 
complete registration of deaths for the United States within the next ten years.^ 

Chapter VIII. — Conservation through semipublic hygiene. 
Section 1. — Medical research and instructiotu 

B^V semipublic hygiene is meant hygiene through nongovernmental 
institutions, including institutions for medical research, the medical 
profession, hospitals, sanatoria, associations, schools, and factories. 

Medical discoveries have usually been made in the laboratories of 
medical schools, universities, and research institutions. The practical 
value of these institutions is only beginning to be appreciated. The 
benefits already received from them are great, and the benefits to come 
will be incomparably greater. One of the earliest medical labora- 
tories, the Pasteur Institute of Paris, has done splendid work during 
the past two decades in the" study of harmful and beneficent bacteria. 
Of more recent origin are the British Sanitary Institute in London, 
the Rockefeller Institute for Medical Kesearch, the Memorial Insti- 
tute for Infectious Diseases at Chicago, and the Nutrition Research 
Laboratory in Boston, under the Carnegie Institute of Washington. 
The recent achievement of Dr. Simon Flexner in finding a serum for 
the treatment of meningitis is but one example of what well-directed 
research under the auspices of such institutions can accomplish. The 
crowning achievement of science in the present century should be, 
and probably will be, the discovery of practical methods of making 
human life healthier, longer, and happier than heretofore. 

The medical schools in this country number 156. They are rapidly 
advancing, although the great majority are still ill equipped for pro- 
viding intending practitioners with the most recent and useful knowl- 
edge. The future practice of medicine depends more on the character 
and aims of the medical schools of to-day than on any other factor. 
At the dedication of the Harvard medical buildings in 1900, President 
Eliot laid down as the primary duties of that school the study of the 
prevention of disease and the education of the public. The need of 
such a school especially devoted to prevention has been fully dis- 
cussed by Doctor Ditman.* Several universities have courses, or are 
taking steps to give courses in the fields not only of public hygiene 
and preventive medicine, but also of personal hygiene and home 
economics. 

« Letter from Dr. Cressy L. Wilbur. See also Irving Fisher, " Mortality sta- 
tistics of the Unitetl States census," publication of the American Ecouoniic 
Association, 1899; and R. Dudfield. "A critical examination of the methods of 
recording and publishing statistical data bearing on public health," Journal of 
the (Royal) Statistical Society, March, 1905. 

^ See N. E. Ditman, M. D., " Education and its economic value In the field of 
preventive medicine," CJolumbla University Press, Vol. X, supp. to No. 3, June, 
1908. ^ . 
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One difficulty in establishing such a school is the lack of students 
who can afford the means or the time to attend. This was the ex- 
perience of the George Washington University, in Washington, when 
a course of this kind was offered. For this reason it is gratifying to 
see that an effort is being made to throw open the research laboratory 
of the Public Health and Marine-Hospital Service for the use of 
health officers detailed from their several States and municipalities. 
In England the degree of D. P. H. (diploma in public health) is given 
those who meet the high standard set there for health officers. 

During the last few years the American Medical Association has 
been seeking to study, classify, and improve the medical schools in 
the United States. A large committee, of which the writer is one 
member, has been appointed by the association to consider methods 
of securing such improvements as are deemed necessary. It includes 
in its scope the important but heretofore little appreciated field of 
medical economics. 

Section 2. — The medical profession. 

We come next to the part placed by physicians, so far as relates to 
their " private practice." Their work as public health officers has 
already been mentioned, and does not concern us here. Their work 
in the home is of primary importance. It is on the physician that the 
average man relies for protection when he finds himself in the dread 
grip of disease. 

Private practice comprises two main divisions, surgery and gen- 
eral practice. The first important application of the knowledge of 
germs was to surgery. Antiseptic surgery, originated by Lord Lister, 
has resulted in the saving of untold thousands, of lives and has led 
in turn. to aseptic surgery, which is still more effective. Not only has 
it reduced the previous mortality from operations, but it has vastly 
increased the number and kind of operations which can be performed 
in cases which under the old regime would necessarily have proved 
fatal. 

Of one of the most recent advances the eminent surgeon Dr. W. J. 
Mayo writes : 

Second only to the germ theory has been the usefulness of the great discovery 
of Rontgeu and the application of the X-ray to surgical diagnosis. It makes 
certain the diagnosis In a large number of conditions which were previously 
a matter of speculation, and enables remedial surgical measures at an early 
date, lessening mortality and morbidity. 

Another great surgical discovery is the suture of bldod vessels evidenced by 
the work of Carrel. Its possibilities are astounding. The ability to trausplxnt 
the kidney of one dog to another and have it continue its function, the amputa- 
tion of a leg and its resuture, opens up the whole question of the transplantation 
of sound for diseased organs, especially organs which are double.* 

In these and other surgical work a certain amount of vivisection is 
necessary. The present outcry against vivisection is an example of a 
defective sense of proportion. While needless crueltj should be 
avoided, the suffering of animals through vivisection, mohiding all 
cases where the practice has been abused, is as nothing compared with 
the suffering of human beings which would be caused if all vivisection 
were abolished. 



«L.etter from Dr. William J. Mayo. 
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The progress of antisepsis has so reformed midwifery that puer- 
peral fever, a former scourge of humanity, is now extremely rare. 
In many cases the child, by being freed from gonorrheal contamina- 
tion by the mother at birth, has been saved from blindness.* 

The advance of surgery is shown by the following table of mor- 
tality of the wounded in the wars of the nineteenth century. Anti- 
septic surgery was introduced at the time of the Franco-Prussian 
war in 1870-1 : 

Per cent- 
Crimean war, EngUsh troops 15. 2 

French troops in Italy, 1859-60 17.4 

German army, 1870-71 11.1 

Spanish-American, 1898 . 6. 6 

Transvaal, 1900-1901 5. 5 

In general practice progress is also being, made. The use of violent 
drugs is fast going out of fashion. The recognition of the self -limit- 
ing character of most of the acute diseases sounded the death knell 
of the harsh drugging of the olden time. Laboratory experimenta- 
tion and careful study as to the physiologic and therapeutic effects 
of drugs have shown the necessity of subjecting everything material . 
or immaterial, intended for the relief of human ailments, to the 
crucible of the most rigid scientific scrutiny. This sentiment has 
grown until in the best medical circles it is properly considered a 
reproach for a physician to use any preparation without an exact 
knowledge of its composition and a definite conception of the results 
expected from its administration. The number of medicines used by 
physicians is decreasing and will, if the predictions of experts in this 
field may be trusted, ultimately be reduced to a small fraction of the 
present pharmacopoeia. Many medicines, like quinine and mercury, 
will of course merit a continuance of use. Syphilis, malaria, hook- 
worm disease, and some other diseases are best combated by drugs. 

Serum therapy, although. in its infancy as to most diseases, has 
opened up a field of ffreat promise. For example, antidiphtheretic 
serum, the one best understood and in most common use, has reduced 
the mortality in that disease from 50 or 60 to 12 or 14 per cent.^ Not 
so much medicines or serums, but hygiene, will probably be the de- 
pendence of the next generation oi physicians. Possibly the term 
" medicine " will some day be almost as inappropriate in describing 
the treatment toward which physicians are tending as the term 
" leech " now is in describing the physician. The profession has 
ceased to be hostile to hygienic treatment, and is slowlv but surely 
substituting it for much of the internal treatment formerly employed. 
The new treatment includes the use of air, light, water, food, rest, 
massage, mechanical vibration, electricity, exercise, and suggestion, 
under the names of aerotherapy, hydrotherapy, psychotherapy, etc. 
These remedies have the great advantage of preventing as well as 
curing disease. 

It only remains for all medical schools and the courses of lectures 
now gratuitously provided by the American Medical Association for 
all county medical societies to teach these things in such a thorough 
and practical way as will reach the whole profession and bring these 

»Elie Metchnikoflf, "The Nature of Man," New York (Putuam), 1903, p. 210. 
^ Metchnikoff, " The Nature of Mau/' p. 212. 
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benefactions to the whole people. In proportion as prevention is 
more important than cure, the rapid advance in the knowledge and 
practice of preventive medicine will be of value. 

" To hygiene belongs without a doubt the place of honor in modem 
medicine. It is in the prevention of infectious diseases that the inter- 
est of the medical art is now mainly centered." ^ The best men are 
turning to these physiologic methods with enthusiasm.^ They are 
learning to take into account the anxiety and other mental reactions 
of the patient as to what is said in his presence.*' They are becoming 
more public-spirited and cooperative,** and alive to their responsibil- 
ity to set patients a good example in living hygienic lives.* 

The trend toward prevention is indicated in various ways — ^bj^ the 
fact, for instance, that some physicians are now employed by families, 
schools, finns, associations, etc., for the purpose chiefly of preventing 
rather than curing disease. Women dentists graduating from the 
University of Michigan have made a practice of attending to chil- 
dren's teeth at a stated amount per month. Employers are increas- 
ingly securing the services of competent physicians to care for the 
health and physical welfare of their employees. This is a preventive 
measure, and has been found to be a " paying proposition " to the 
employer because of the resulting enlarged efficiencv of the workers. 

Their modern fight against tuberculosis has lea physicians to a 
larger use of fresh air in their practice. At first many employed this 
agent merely as a " specific for tuberculosis," but its utility in all 
chronic ailments, such as neurasthenia, for instance, was next recog- 
nized. Latterly, fresh air has been discovered to be of use in pneu- 
monia and other acute diseases. It is now not unusual to find physi- 
cians advising their patients, whether ill or well, to sleep out of doors. 
There can be no question that man was originally an outdoor animal. 

The discovery of the germ origin of Asiatic cholera, tuberculosis, 
diphtheria, typhoid fever, bubonic plague, influenza, and other dis- 
eases, and of the part played by water, impure food, insects, rodents, 
and other common and almost omnipresent, but hitherto unrecognized, 
agencies as carriers of disease to man and animals, has awakened a 
world-wide interest in these subjects which, properly fostered and 
directed, opens up ever extending possibilities to the humanitarian, 
the economist, the statesman, and, still more, to the people at large. 

The consequence must be a great revolution in medicine in the im- 
mediate future. The practice of medicine is destined to become a 
much more powerful agent than ever before in the suppression and 
prevention of disease. This result will be reached when the change 
now going on permeates the rank and file of the profession. It would 
be a pity if, through undue conservatism of some of its members, the 
profession should lose some of its prestige hard won during the last 
generation. Already the ever-present quack is pressing into the invit- 
ing field. As the public demands " dnigless treatment " and many 

« Metchnikoir, "The New Hygiene," Chicago (Keener), 1906, pp. 12-13. 

»See G. Stanley Hall, "Adolescence," New York (Appleton), 1J)05, vol. 1, 
p. 238. 

''See A. T. Schoneld, "Power of Mind," London (Churchill), 1902, 2d ed.. 
p. 277. 

* See Osier, " Maryland Medical Journal," October, 1905, p. 420. 

•See Professor Osier's address to St. Mary's Hospital, London, 1907. 

72539— S. Doc. 670, 60-2, vol 3 14 
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physicians fail to see and meet that demand so far as it is rational, 
the quacks see their opportunity. As a consequence, there is fast 
developing a species oi quack that not only does not use " patent 
medicines/' but condemns their use by regular physicians. Men of 
this type base their appeals on " naturopathy, become " food ex- 

f)erts," prescribe fasting^ or two meals a day or five meals a day, give 
essons in " deep breathing," conduct outdoor sanatoria, and employ 
light and air baths, dry cupping, mechanical vibration, intestinal 
lavage, water cures, electricity, osteopathic manipulations, " divine 
healinff," etc. All these methods have value under certain conditions; 
the only objection is that when applied by the uneducated they are 
utilized to poor advantage. The fault lies not in the therapeutic 
means but in those who use them. Physicians sometimes confuse the 
two, and make the mistake of opposing the means and user alike. 
They reject good means of cure because employed by " irregulars." 

The result is that the patient sometimes finds the best means of 
recuperation in the hands not of medical men, but of uneducated 
"physical trainers." The public will go and should go to those 
who will render the most effective help. In order that the medical 
profession may suppress quackery the way must be not to oppose 
the use of beneficial therapeutic agents in incompetent hands, but 
to get their use into competent hands by adoptin*^ them them- 
selves. There is a quackery that is villainous and injurious. This 
should be suppressed. But there is another quackery which is 
well intentioned and which, in spite of ignorance, manages to do 
some good. The good in it should oe appropriated by the profession. 
By always promptly absorbing the best the profession will be in a 

fosition to cast out the worst in " irregular " systems of therapeutics, 
t may then recover the ground which it has too often lost. There 
was no reason why it should have lost hundreds of thousands of 
patients to " Christian Science," except that these patients were for 
the most part benefited, and greatly benefited, by Christian Science 
after having received no benefit, and often injury, frcrni the profes- 
sion. " Easily physicians, without knowing it, can produce sickness 
hy pessimistic prophecies, by anxious looks or words. Thus are 
diseases suggested (unconsciously) by the physician."* Had the 
profession made use of mental therapeutics not only could they have 
saved themselves the enmity of these hundreds of thousands, but 
they could have nipped in the bud the crude metaphysics which 
teaches the nonexistence of disease and death and the uselessness of 
any therapeutic agent except those employed by the promulgator. 
The example of so-called " Christian Science " is only one of several 
protests, more or lass misguided, against the present practice of 
medicine. 

Had all or most members of the profession conceded long ago the 
harmfulness of many, if not most, violent drugs it might have fore- 
stalled the present antidrug movement among the laity. The mis- 
guided antivaccination movement is simply the carrying to extremes 
of the antidrug movement. 

The Greeks were probably the most hygienic people that ever lived 
and they knew nothing of modern scientific medicine, not even of 
the circulation of the blood. This shows that man's primitive knowl- 

• Schofield, loc. clt., pp. 215-216. 
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edge or instincts may be sufficient to enable him to keep and develop 
health. 

The old code of medical ethics, though well-intentioned, was so 
inelastic and was so susceptible of misconstruction as often to block 
the way to progress. The magnitude and far-reaching effects of this 
evil were long ago recognized by leading minds in the profession, and 
after years ox agitation such a revision was unanimously agreed upon 
in 1903 as makes the modern principles of medical ethics purely 
advisory and far more liberal than formerly. All restrictions as to 
consultations were removed, medical societies were thrown open to 
reputable physicians of every school of practice requiring scientific 
training, and agencies put in operation for such organization and 
cooperation and to encourage such liberty of individual opinion as 
is demanded by the spirit of the age. Under the most active efforts 
of the medical schools, societies, and journals it will doubtless require 
years of time for this liberal spirit to reach all members of the pro- 
fession to the extent which is so desirable. But when this is done and 
when the public can be made to understand that it has been done the 
prejudice which has hampered the profession's usefulness, which has 
made it so difficult to secure and enforce health and medical legisla- 
tion necessary for the protection of the highest interests of the people, 
and which has so fostered and given opportunity for quackery, will 
gradually become ancient history. 

A frequent lay comment on some members of the medical pro- 
fession is that to be true teachers of health they must practice what 
they preach. A physician can not succeed in controlling drug habits 
or alcoholism if he has these habits himself. He can not fight " patent 
medicines " if he uses them himself .» He can not effectively fignt the 
social evil if he himself practices abortion. The standards of the 
profession are high. It is the individual who is at fault. A clergy- 
man who preaches purity from the pulpit while living a double liie 
is disgraced. In the same way, now tnat physicians are assuming 
the function of giving instruction in orthobiosis and hygiene, they 
are being called to account for their own daily lives. Self-interest 
and altruism alike will lead to needed corrections. The physician in 
these days of preventive medicine should keep himselr well. The 
challenge " Physician heal thyself " is being followed by the challenge 
" Keep thyself well." Example more than precept is a principle to 
be applied here as elsewhere. He can not induce his patients to diet 
or take exercise if he himself is addicted to the fleshpots and the easy 
chair. Many a physician to-day loses patients because he and his 
family are on the sick list, or because as a man he practices habits 
which as a physician he does not approve. 

The physicians in this country now number about 130,000. Their 
calling is in some respects the noblest in the world to-day. During 
the present generation the profession has begun to be appreciated for 
its great services to public and private health and for its self-sacrifice, 
which is unequaled in any other profession except the ministry. It 
has now before it an opportunity such as never before existed. Those 
of us who believe in its mission look forward to incalculable blessings 
to suffering humanity from greater knowledge better applied. 

<> See A. Jacobi, Journal American Medical Association, September 29, 1906, 
p. 978. 
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Section 8. — Institutional hygiene. 

The large cities have established special contagious hospitals, where 
prompt isolation of infectious cases may be enforced. The decrease 
of tuberculosis may be traced largely to hospital isolation." Leprosy 
was the first disease to be quarantined ^ and its virtual disappearance 
in civilized countries has been due, at least in the opinion of many 
authorities, to the strict isolation methods universally adopted. 

Of a different kind is the segregation of defective classes of the 
community. This has led to considerable conservation of their powers 
and abilities. Institutions for the deaf and blind in the United States 
contained 14,700 inmates in 1904, and spent for purposes of main- 
tenance over $3,500,000.*^ In these schools the deaf and dumb and the 
blind are taught trades and professions, their usefulness being thus 
much enlarged. 

The New York state commission on the blind recommended in 1907 
a state board for the blind to conduct an employment bureau for the 
blind* of that State, to establish schools, and to put into operation 
measures for the prevention of blindness. It is pointed out that of the 
100,000 cases of blindness in the United States a great percentage is 
traceable to disease and accident of a preventable character. The 
commission estimates that of 1,000 cases in New York, 450 were 
possibly avoidable and 325 (or one- third) certainly so. 

For the checking of insanity the crying need is a study of the 
causes of the malady with a view to its prevention. For, as Doctor 
Ditman remarks, nine-tenths of the inmates of our insane asylums are 
incurable, according to our present knowledge. He adds : " What an 
argument for the prevention of the disease ! " * Much may be ex- 
pected from the Flypps fund, for the study of insanity, recently 
established at Johns Hopkins University. 

In the first place, our medical students should receive constant 
clinical instruction in mental diseases, particularly in their incipient 
stages. Almost equally important are popular lectures on the pre- 
ventable and other causes of insanity given under the auspices of 
medical schools or local boards of health. Such lectures have been 
given in New York and Boston, and, judging by the attendance, must 
prove a valuable agency in diffusing a correct knowledge of the cause 
and development of mental disease. In this education of the laity 
popular treatises on mental hygiene would prove most helpful. 
Such a book as Doctor Clouston's " Hygiene of Mind " could, with 
advantage, be placed in the hands of every young peri^on, and might 
even be adopted as a text-book in high schools. Certainly the physi- 
ology of mind is as deserving of popular consideration as that of 
digestion, respiration, and the circulation. 

By a clearer insight into the beginnings of mental disease, gained 
through the popular lecture and a nontechnical literature, society 
will become so far enlightened that intelligent personal prophylaxis 

«See Newsholme, "Phthisic death rate," Journal of Hygiene, July, 1906. 
^See J. M. Eager, M. D., "The early history of quarantine," Yellow FevCT 
Institute Bulletin No. 12, pp. 4-5. 
« Census report on " Benevolent institutions," 1904. 
* Ditman, loc. clt., p. 46. 
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may be anticipated.* A knowledge of danger is the surest means of 
guarding against it. *' The most obvious line of attack must be in 
the direction of the four ^at etiological factors of insanity, heredity, 
alcohol, syphilis, and environment. Abstractly considered these four 
causes are preventable or removable." * 

As an intermediate step between home and hospital, the sanato- 
rium offers both cure and prevention. Many tuberculosis sanatoria 
will take patients only in the incipient and early stages of the dis- 
ease. Sanatoria are used by many as places of recuperation. The 
tired business man and the nervous housewife find at the sanatorium 
the quiet they need, and a week or two of rest enables them to escape 
threatened serious ills. 

Many public institutions, in response to popular demand, are to- 
day installing methods and equipment that are essentially prevent- 
ive. More than one department store in the large cities filters its 
air in order that patrons and clerks shall not feel oppre&sed by vitia- 
tion of the atmosphere. An indirect result is the prevention oi tuber- 
cular and other diseases. A leading hotel in Philadelphia has pitched 
tents on its roof, where a large colony of well people — ^not sick — 
sleep out of doors, and the same hotel utilizes its roof in winter for 
a skating rink. Mothers' clubs are an increasing factor in the spread 
of a knowledge of hygiene. Recently a case came to light of a new 
member of a mothers^club who was feeding her 5-months-old baby 
on sausage, tea cake, etc., and giving it drugs when she wanted to go 
out. She was greatly surprised when informed of the wrong she was 
doing. 

Growing interest in the science of home economics, already re- 
ferred to, is an indication of our increasing realization of the im- 
portance of healthful homes in the community. While the number 
of schools and colleges which offer courses in higher domestic science, 
and in what might be called " true home economics," is growing, they 
are nevertheless still comparatively few. More teachers should m 
equipped with scientific knowledge regarding modern sanitation in 
order that they may give practical courses in grammar and high 
schools, and higher instruction should include the topics of hygiene 
and sanitation. Home making may be studied in many details, such 
as the construction of healthful houses, the purification of food and 
water supplies, and the cleansing of cities, whereby the enlistment of 
both boys and girls in all lines of home and municipal hygiene can 
be secured. 

The churches are now joining in the health movement. The lead 
has been taken by the Rev. Elwood Worcester and Rev. Samuel 
McComb at the Emanuel Church in Boston. Trained physicians 
are employed for diagnosis and for general advice, but great em- 
phasis IS laid on the power of suggestion and of Christian self-con- 
trol over bodily ills. The object is to get both patient and physician 
to stop " thinking sick and talking sick," as Doctor Goler has put it. 

"A book which brings the subject home with unusual force to the ordinary 
reader is an autobiographical slcetch by a recovered patient, "A Mind that 
Found Itself," by Clifford W. Beers, New Yorlt (Longmans, «reen), 11M).S. 

^ Charles P. Bancroft, M. D., " Hopeful and discouraging aspects of the psy- 
chiatric outlooli," address at meeting of American Medico-Psychological Asso- 
ciation, Cincinnati, 1908. 
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Section 4. — School hygiene. 

In every progressive country to-day the hygiene of school life is 
coming to be regarded of paramount importance. At the Inter- 
national Congress on School Hygiene, in London, August 5-10, 1907,*" 
there were in attendance at least 500 delegates, representing the gov- 
ernments of the world and societies devoted to the advancement of 
human welfare, and in addition there were 1,500 individuals inter- 
ested in the improvement of the health of school children and all 
that this implies. The' fact was brought out at the congress that 
European countries, notably Switzerland, Germany, France, Eng- 
land, and Scotland, are doing more than the United States in the 
medical inspection of scliools and that they are seemingly making 

Slans for the improvement in every direction of the hy^enic con- 
itions of school life.^ Even in Italy the leading statesmen are ap- 
parently convinced that the matter of chief importance at the present 
moment in their educational work is to place it, from start to finish, 
upon a hygienic basis.*^ 

It is the unanimous opinion of all students of the matter that the 
neglect of the hygiene of school life in the larger sense is, first of all, 
more or less disastrous to a considerable proportion of the pupils.** 
With us, as well as in most European countries, children are com- 
pelled by the state to attend school for a number of years. Many 
of them suffer constantly from defective vision, hearing, and respira- 
tion, from nervous overstrain, and from other ailments which are 
greatly aggravated by the confinement and stress of school life.* 
Pupils are always exposed to infectious diseases. It is no unusual 
thing in our country to see a contagious disease sweep through a 
whole school so rapidly that the local board of health can hear of it 
and order the school closed only after the harm has been done. 

Great as is the injury done bj the spread of infectious diseases to 
children thus massed together m schools, the injury resulting from 
imperfect seating, lighting, ventilation, and sanitation of school 
buildings is still more serious. In every part of our country, as 
well as in the progressive countries of Europe, those familiar with 

«The proceedings of the congress contain papers by distinguished physicians 
and educators ui>on every phase of the hygiene of school life. Existing evils 
are pointed out and remedies suggested. Summaries of the papers may be 
found in the Nineteenth Century, September, 1007, pp. 388-394. 

^ In addition to papers presented at the International Congress on School 
Hygiene, see the following: A series of articles in the School Review (Univer- 
sity of Chicago) for 1907, by Prof. Hermann Schwartz, entitled "The study of 
experimental pedagogy in Germany." Many articles in the magazine Zeit- 
schrift fur Schulgesundheitspflege show the great interest in Germany^n school 
hygiene. Professor Bin^t, of Paris, has established a laboratory for fhe study 
of childhood in relation to educational worli, and he will give particular at- 
tention to problems concerning physical defects and mental and moral short- 
comings. For other such institutions see The Psychological Bulletin, Vol. VI, 
March 15, 1909, pp. 84-103. 

«See, for example, Professor Garlanda's "II Terzla Italia," In which ne 
shows the only way in which Italy can regain her old-time vigor and efficiency. 

*See M. V. O'Shea: "Dynamic Factors in Education," New York (Mac- 
mlllan), 1906, Part II, where the whole subject Is dlscupsed. 

*See Oppenhelm: "The development of the child," Chap. V. Also Tyler: 
"Growth and education;" Burbanls: "The training of the human plant;*' 
Burk : " From fundamental to accessory," etc. ; Pedagogical Semtoary, Vol. VI. 
Krs^lln: "A measure of mental capacity," Popular Science Monthly, vol. 49. 
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the situation are appealing most urgently for improvement in the 
phjsicial basis of education. This is not the place to recite the dis- 
abilities which are said by men competent to speak on the subject 
to result from keeping children for at least eight years in confinement 
and at hard mental labor under conditions that waste their vitality 
and develop bodily defects and habits prejudicial to health. The 
list of such disabilities is a long and impressive one.« Unfortunately, 
we do not, as a people, sufficiently appreciate that the character of 
social life with us is changing rapialy, and that consequently our 
children are particularly susceptible to certain diseases and defects; 
to wit, those arising from the adoption of an indoor life of compara- 
tive muscular inactivity, with gi%atly increased demands made upon 
particular organs, such as the eyes and the brain. 

Doctor Cronin, of New York, maintains that in a school population 
of 650,000, 30 per cent of the children were from one to two years 
behind their proper class. Ninety-five per cent of these backward 
children were so principally because of defects of eye, ear, nose, or 
throat, which could easily be detected and remedied through effective 
medical inspection. Experiments at home and abroad have proven 
beyond any doubt that the majority of children of this sort, when 
given proper medical treatment, improve markedlv in intellect and 
general conduct The State attempts to educate these children, but 
its effects are to a large extent wasted. Doctor Osier calculated 
that in the special city to which reference has been made there was, 
on account of a lack of medical supervision of educational work, a 
yearly financial loss of $1,666,666; and of course the loss which came 
from moral deviation due to defective physical functioning was of 
far greater importance. Doctor Osier said recently^ in eflfect, that 
he considered it of greater importance to the nation that the question 
of sound teeth be intelligently considered than that the consumption 
of alcohol be restricted, unportant as the latter problem is. In similar 
vein. Doctor Newton reports a case of an old, unhygienic school build- 
ing in a small town being fitted up with a ventilating system, with 
the result that the cost of the improvement was saved m a short time 
in salaries that otherwise would have been paid to extra teachers for 
taking the place of those made sick by the foul air in the building. 

We now know the major effects at least on intellect and tempera- 
ment of sense defects, adenoids, decaying teeth, and minor physical 
deformities; and we also know how such deviation from normality 
can be readily and inexpensively detected and remedied,^ but there 
are whole States where no advantage whatsoever is taken of this 
knowledge, and in practically every State in the country there are 
communities in which absolutely no attention is paid to any of these 
matters. The people go on in traditional ways, trusting to luck and 
disregarding the changes taking place in society. 

«See Shaw: "School hygiene;" Keating: "Mother and child;" Ballantyne, 
in the Lancet, Vol. 2, 1800; Bancroft: "Physical Education Review." Vol. VII; 
Rowe, " The lighting of schoolrooms ; " Barrage and Bailey : " The Sanita- 
tion and decoration of school buildings." The Magazine of School Hygiene, 
published under the direction of the School Hygiene Association, contains in 
each issue articles showing the evils resulting from unhygienic conditions in the 
schools. 

* See, for example, two books by Doctor Warner, of London : ** l^e Study of 
Children " and " The Nervous System of the Child." The city of Chicago main- 
tains a department for the study of backward and defective children In the 
public schools. ^ , 
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The health of our school children, then, should be conserved by a 
system of competent medical inspection « which should secure the 
correction of aefects of eyes, ears, teeth, as well as defects due to 
infection or malnutrition. In Europe — 

an the investigations disclosed an astonishing amount of ill health among 
school children; and thongh the variations from the normal were found to 
differ in degree, they were on every hand alike in kind. In nearly every 
instance they were more pronounced in girls than in boys, and were often most 
manifest in scholars of the better social classes. Thus there were discovered 
the following percentages of morbidity among school lK)ys: In Great Britain, 
20 ; in Denmark, 29 ; in Germany, 30 ; in Copenhagen, 31 ; and in Sweden, 37. 
The percentages noted among the girls were: In Great Britain, 16; in Copen- 
hagen, 39; in Denmark, 41; in Lausanne, 43; in Germany, 50; and in 
Stockholm, 62 — an average morbidity for boys of 29 and for girls of 42 per 
cent* 

Similar results have been reached in certain cities of the United 
States. A " committee on the physical welfare of school children " 
in New York City examined New York school children and found 
that ^— 

66 per cent needed medical or surgical attention or better nourish- 
ment. 

40 per cent needed dental care.* 

38 per cent had enlarged glands of the neck. 

31 per cent had defective vision. 

18 per cent had enlarged tonsils. 

10 per cent had postnasal ^owths. 

6 per cent were undernourished. 

Dr. Walter Cornell has been making an extensive study of eye 
strain among school children. These were his findings : • 

The relationship of poor vision to scholarship was studied in 219 children. 
As will be noticed, the difference In marks between those with normal and those 
with bad vision is greatest in arithmetic and spelling, which studies require 
more extensive use of the blackboard. 

Bcholarship percentages obtained. 



Children with- 


Arith- 
metic. 


0«ograr 
phy. 


Spelling. 


Avenge. 


Normal vlsloii .......rr.r^ 


79 
70 
66 


60 
71 
70 


76 
77 
71 


76— 


F&ir visioD. 


73+ 


Bftd vision 


60 






In New York City 29J5 per cent of 79,069 children examined suffered from 
defective vision. In London 26 per cent of 20,000 children examined by eight 



• See Gullck and Ayres. " Medical Inspection of Schools," Russell Sage 
Foundation Publication, New York, 1908; see also "The Psychological Clinic," 
especially VoL ii. No. 8. 

^ G. Woodruff Johnson, M. D., " Effects of school life on children's health," 
North American Review, vol. 182, p. 831. 

«Ditman, loc. cit, p. 41. 

*Thls seems a low estimate in spite of the fact that it does not include all 
cases of decayed teeth, but only those that have been neglected. See Dr. William 
R. Woodbury, " The People's Disease : How to Prevent it," Boston Medical and 
Surgical Journal, March 26, 1908. 

•" Backward Children in the Public Schools," Philadelphia (Davis), 1908, p. 7. 
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opthalmologists had defective vision, and of this number 12.5 per cent suffered 
from vision of one-half or less. The author examined personally 1,156 children 
and found 34 per cent with defective vision, and of this number 6 per cent 
with vision one-half or less. A small proportion of this number only is fitted 
with glassea The rest suffer from real eye strain. The fault of this deplorable 
condition is divided among physicians, school-teachers, and parents. Ignorance 
of the existing facts, indifference, and poverty are the real factors to be dealt 
with. 

Eye strain is the chief source of the functional diseases of our citizens. It 
begins In early childhood and continues until senility is complete. It is bound 
to occur in every individual some time in his life, to a greater or less decree. 
It is almost the sole cause of headache, migraine, sick headache, the most fre- 
quent and habitually morbidizing of human diseases. It is the frequent cause 
of gastric and dlgestional diseases and of nervous and mental diseases. With 
ocular function it conditions the origin of spinal curvature, either directly or 
indirectly, through the pathogenic writing posture. lateral spinal curvature, 
the effect of visual function, becomes a new secondary source of multifarious 
morbidities, such as neurasthenia, pelvic diseases, hysteria, etc. It has been 
demonstrated that 27 per cent of European school children have lateral spinal 
curvature at the age of 14, and I have proved that at least 70 per cent of our 
own 16 to 18 year old young men of the educated classes have this disease. 
Surprise at the fact will soon become horror at the national and social tragedy 
which these true figures Indicate.® 

Investigations in other cities and States ^ have shown similar re- 
sults, in view of which it is a conservative statement to say that from 
one-half to two-thirds of our school children need medical treatment 
of some sort. 

At least one year in each division of schooling, elementary, secondary, and 
collegiate, is lost to the majority of students because of unnecessary sickness 
or dullness caused by lmproi)er living.*' 

That physical defects are responsible for much of the backwardness 
of children, and for a large share of truancy and incorrigibility, is the 
opinion of many educators.* In order to correct physical abnormali- 
ties and thereby to hasten mental and moral progress in school life, a 
number of cities have instituted medical inspection of schools. 

So far as inquiry has been able to discover, there were in the month of 
June, 1008, 70 cities in the United States, outside of Massachusetts, having 
some form of medical insi)ection of schools. In the State of Massachusetts 32 
cities and 321 towns had systems more or less complete. It Is at present lmi>os- 
slble to compute, or even to closely conjecture, how many children these systems 
reach at the present time. It is entirely certain that they do not reach all of 
the children in the schools of those cities and towns where systems of medical 
inspection are actually or nominally in operation.* 

New York City employs 150 physicians, who visit each public school once a 
day, shortly after 9 o'clock, to examine those children set aside by the teacher 

•Letter from Dr. George M. Gould, who perhaps more than any other Amer- 
ican has emphasized the evils of eye strain. 

^ See an article by Prof. M. V. O'Shea in the World's Work, Vol. V, in which 
the results of extensive investigations were given. See also Dr. W. B. Drum- 
mond : **An introduction to child study," Chs. IX and X, ** Report of Conference 
of State Sanitary Officers of New York," Buffalo, October, 1907, and various 
Baltimore and New York City school reports. 

<^ letter from Mrs. Ellen H. Richards. 

* See O'Shea : ** When character is formed," Popular Science Monthly, Vol. 
LI; Rowe: "Physical nature of the child," Chs. 9, 10, 13, 14; Scott: " Sacrifice 
of the eyes of school children," Popular Science Monthly, October, 1907 ; Gould : 
** The cause, nature, and consequences of eye strain," Popular Science Monthly, 
December, 1905; Travis: "The Y'oung Malefactor, a Study in Youthful Degen- 
eracy;" Swift: "Mind in the making," Chs. IV and V; Tanner: "The child," 
Ch. Ill ; Kirkpatrick : " Fundamentals of child study," Ch. XVIL 

•Letter from Dr. Luther H. Gullck, 
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as requiring attention. Cliicago employs nearly 100 physicians to visit her 
public schools. In Chicago during the ten months of the school year ended 
June 26, 1908, the medical inspectors of schools examined 406,919 pupils.** 

And one health officer, Doctor Chapin, of Providence, has even 
established a special fresh-air school for children who suffer from 
certain forms of tuberculosis or who come from tuberculous families. 
He says concerning it : 

Our fresh-air school has only been running since last January (1908), and, of 
course, we have no very definite results. All of the children without exception 
improved In health, and gained in strength, and also showed good mental prog- 
ress. The cost of the school per capita is only about 50 per cent more than in 
the ordinary schools, and we believe that the expense is fully justified. If we 
had a large enough school, so that it could be graded, the cost of education 
would, owing to saving in fuel, probably be less than in an ordinary school. 

Several States are making progress in these directions. 

Connecticut, Massachusetts, and Vermont have passed laws making examina- 
tion of eyes, ears, and method of breathing of the public scholars compulsory, 
while New York, Illinois, and some other States of the Middle West depend 
upon the voluntary cooperation of the teachers in making this examination. 
It would seem, however, that whether it remains voluntary or becomes com- 
pulsory, its success will be greatly enhanced if women who are conducting 
teachers* institutions in the department of education devote a half hour or an 
hour to the exposition of the necessity of such an examination and also in 
explaining the method in detail and the method of tabulating the results, so 
that the teachers may be familiar with the tests, etc., when they have to make 
them. With the great power lodged in the department of education in this 
State, it would seem justifiable to make this compulsory.^ 

We in this country should profit by the experience of older coun- 
tries in respect to school hygiene. Switzerland has led the nations 
in its concern for the physical welfare of its children. A number of 
other European countries are beginning to imitate Switzerland in 
attaching supreme importance to liealth and hygiene in educational 
work. There is now before the English Parliament a bill the pur- 
pose of which is to establish a national system of medical inspection 
of schools, and it seems probable that this measure will be enacted 
into law. 

It is generally recognized by physicians and educators to-day that 
many children in the schools are being seriously injured through 
nervous overstrain.'' Throughout the world there is a developing 
conviction that one of the most important duties of society is to de- 
termine how education may be carried on without depriving children 
of their health. It is probable that we are not requiring too much 
work of our pupils, but they are not accomplishing their tasks 
economically in respect to the expenditure of nervous energy. Some 
experiments made at home and abroad seem to indicate that children 
could accomplish as much intellectually, with far less dissipation of 
nervous energy, if they were in the schoolroom about one-half the 
time which they now spend there. German educators and physicians 
are convinced that a rundamental reform in this respect is needc 1. 
In fact, among school children we are learning the same lesson as 

« A. L. Craig, " Report of the standing committee on contagious, infectious, and 
hereditary diseases," Associated Fraternities of America, August 1, 1908. 

* Twenty-eighth Annual Report State Board of Health of New York, 1908. 

« See Dr. Adolph Meyer, " What do Histories of Cases of Insanity Teach Us 
Concerning Preventive Mental Hygiene during the Years of School Life? " The 
Fhyschologic Clinic, Juae 15, 1908. 
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among factory employees, viz, that high pressure and long hours are 
not economy but waste of time. 

In American cities one of the greatest needs to-day, in order to 
conserve the vitality of children, is the establishment of playgrounds 
easily accessible to all the children of any community. We are told 
that the physical and the mental are inseparably joined together, and 
if the one is defective the other will suffer through sympathy. Now 
it appears to be impossible to develop the child physically in any way 
so effectively as through active play. Formal gymnastics can accom- 
plish relatively little. The child must have some end to attain tliat 
arouses its enthusiasm, and, that demands agility and strength and 
endurance; then its whole bodily mechanism will work together in 
harmony to achieve this end. And this is what a physical training 
seeks to accomplish — ^to make the body a fit instrument for the mino. 
Let the child nave some place where it may not only play games 
freely without fear of the police but where it may run and jump 
and climb and swing and work in sand and throw stones and wrestle, 
and it will not fail U> make the most out of the body nature has given 
it as a housing for a sound and efficient mind. 

Even if playgrounds were of no value in social development, they 
would still be of inestimable service in keeping children out of crime 
and lessening expense for police, courts, reformatories, hospitals, and 
prisons — a point which was strongly emphasized in the report of 
1897 of the committee on small parks in New York. If a boy's 
energies are not used up in wholesome activity they will surely find 
expression in illegitimate conduct. The boy will prey upon tne in- 
stitutions which prevent him from living a natural life. "The great- 
est enemy to the police is the boy," said a high Philadelphia official 
recently. Go to the storekeeper, to the shopkeeper, to the house- 
keeper, and you will hear the same story. The boys steal, break 
windows, insult, afflict, upset one thing and another, and would do 
almost anything they hear or see in order to satisfy that burning 
instinct for play. "These beginnings of vice and crime were the 
only outlets they have had for the powers with which nature has 
endowed them. These practices were their only or chief amusement, 
and thus happiness to them became synonymous with vice and fiendish 
delight in evil doing. "« 

But in studying the life on the playgrounds the same official sees 
that they lay the foundations for — 

. strong, manly, bright, and happy lives, rescued from the evil habits and 
tendencies that produce misery and wretchedness. • ♦ • Through their play 
In this manner the young are taught hovsr to live together, how to respect each 
other's rights, how to be kind, gentle, pure. In language as well as in conduct. 
The boy*s mouth is not defiled by tobacco, liquor, or profane langiiage. The dis- 
respectful and vulgar treatment which young boys and girls Inflict upon each 
other in the street is done away with. The playground influences are brought 
into the home, where the younger brothers and sisters treat each other much 
differently from the way they do now; or, to put it the other way, the Influ- 
ences of the home, the school, and of the church are thus extended outside over 
the whole life of the child.* 

To playgrounds may be joined school gardens, which Superin- 
tendent Maxwell in New York has shown would not be expensive, 

Secretary of Philadelphia Culture Extension League. 

Digitized by VjOOQIC 



700 REPORT OP NATIONAL CONSERVATION COMMISSION. 

or open-air gymnasia, or any other equipment that will give children 
the opportunity to develop physically. 

Physical education is a part of the training in many public schools 
and in a still greater number of private schools, but there is room 
for improvement. After pointing out, in a recent article on physical 
deterioration, that Germany, France, and Austria have improved 
their physical development bv compulsory physical training in all 
civil and military educational institutions, tne Rev. Percy Stickney 
Grant advocates the instalment in the United States of: 

1. An effective system of r' ^sical education as a recognized part of all public- 
school systems. By "effet\ .0" I mean one that does for a boy, as far as 
his physique Is susceptible, what army setting-up exercises do for a recruit 

2. Athletic exercises In schools, using gymnasia, baths, etc. 

3. Open-air exercises and siiorts under efficient sai)ervislon. 

4. Summer camps free of cost, and compulsory attendance for boys of school 
age." 

The study of hygiene and physiology has been part of the public 
school curriculum for some time, but has been regarded bv physiolo- 
gists as a somewhat partisan and unscientific treatment of the physi- 
ological effects of alcohol and tobacco. It should be recognized, how- 
ever, that it has had a salutary effect and has given school children a 
better idea of what alcohol means than the most of them had before.* 
Local topics of sanitation may well be taken up, as in New Haven 
last year when the interest of all the city school children was enlisted 
in behalf of a " clean city." Doctor Stiles, of the Public Health and 
Marine-Hospital Service, has proposed an annual " health week " in 
the public scnools, and this proposal has found favor in several States. 
In Georgia Chancellor Barrow has proposed an annual " health day " 
in the public schools of that State, which would be devoted to lectures 
on sanitation, on the dangers to be expected from unscreened win- 
dows, and on the character of the hook-worm disease, with suggestions 
as to its elimination. 

At present the schools look to parents to instruct their children in the sup- 
posedly simple matters of regulating eating and drinking, exercise, habits of 
work, and sexual habits, while the parents vaguely hope (if they think about 
such matters) to be relieved of these embarrassing duties through the schools. 
The truth is that neither parents nor schools are to-doy able to give this much- 
needed sort of education. The remedy must be provided by the schools, which 
in their eagerness to impart conventionalized facts are now quite blind to some 
of the most pressing needs of their pupils. Through the schools and universi- 
ties (or other appropriate organizations) the parents of the future must be edu- 
cated both as to the facts and the moral aspects of bodily hygiene. And it seems 
not unreasonable to hope that some of the lessons now learned only by bitter ■ 
experience, after much that is best in life has been sacrificed to ignorance and 
uncurbed impulse, will be assimilated sufficiently early in life to mitigate mate- 
rially the lot of a not inconsiderable part of mankind. I beleve the lengthening 
of the span of human life to be among the attainable results of such teaching. 
Is It not likely that as men grow wiser an increasing number will deliberately 
strive so as to regulate their lives as to improve the expectation of crowning 
well-Hi)ent days with the i>eculiarly fine satisfaction of old ageV^ 

If the school building were a model of ventilation, lighting, and 
sanitation, it would not only conserve the health of the school chil- 

« Rev. P. S. Grant, North American Review, February 1, 1907. 

^ See Dr. Helen Putnam, '* Studies of the Present Teaching of Hygiene, 
Through Domestic Science and through Nature Study," American Academy 
Medicine (Easton, Pa.), 1905. 

^'C. A. Hertor, M. D., ** The Common Bacterial Infections of th« Digestive 
Tract." New York (MacmiUan), 1907, p. 351. 
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dren, but also serve as ah object lesson for hygienic instruction. In 
the same way cooking and domestic science classes could be made to 
serve the double purpose of providing a hygienic noon meal and 
training the school children, especially the older girls, in the princi- 
ples and practice of this vitally important subject. Our schools are 
suffering from the conventional idea that education comes from 
books. Education is preparation for life, and should make use of 
every eflScient method and element, manual training, athletics, ob- 
servational nature study, laboratory experiments, and object lessons 
of all sorts, as well as book instruction. 

Section 5. — Voluntary and huaineBa organizations. 

A host of distinctly voluntary associations are working for the 
improvement of hygienic conditions. Among them may be men- 
tioned the National Association for the Study and Prevention of 
Tuberculosis^ the Society for Sanitary and Moral Prophylaxis, the 
Chicago Society of Social Hygiene, the Connecticut Society of Men- 
tal Hygiene, the national and state child labor committees, the Con- 
gress on School Hygiene, the Children's Aid societies, the Sunshine 
societies, the American Playground Association, the Visiting Nurses' 
Association, the Bed Cross Society, the American Association for 
Labor Legislation, the numerous temperance organizations, univer- 
sity settlements, institutional churches. Young Men's Christian Asso- 
ciation and kindred associations, the American Physical Education 
Society, the Boston Health Education League, and the American 
Health League established by the Committee of One Hundred on 
National Health. 

That various large bodies of men are waking to the importance 
of health study is shown by the appointment, at the last annual 
meeting of the Associated fraternities of America, of a committee 
on infectious, contagious, and hereditary diseases, with Doctor Craig, 
of Chicago, as chairman. Labor unions may well follow this exam- 
ple and provide for the education of their members in the subject 
of hygiene. This could be effectively combined with their endeavors 
to shorten the hours of labor. Especially unhygienic is the arrange- 
ment by which a man has no interest in his work beyond that 
represented by his pay envelope. This fact has been recognized by 
some farsighted employers of labor, with the result that they now 
employ social secretaries or " welfare workers " to look after the 
general well-being of employees. A social secretary watches over 
the health, comfort, and happiness of the force during working hours, 
establishes lunch rooms, rest rooms, mutual aid associations, thrift 
funds, and penny provident banks. Employers, as a rule, become 
eager for practical suggestions and expert advice on the well-being 
of their employees as soon as the matter is called to their attention. 
Doctor Favill, president of the Chicago Tuberculosis Institute, after 
speaking before the Commercial Club, was urjged by 15 or 20 of the 
large employers present to undertake investigation of their estab- 
lishments and to make recommendations. 

Dr. Hubert Higgins describes an interesting experiment carried 
out in a mill near Paris, where there were employed 44 men and 75 
women and children* A medical officer was employed to supervise 
the sanitary appliances and regulations and to give careful instruc- 
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tion and explanations. He held practical instruction classes with 
the mothers, lecturing on diet ana cooking, cleanliness, the way to 
take body temperatures, and how to look at the children's throats. 

This experiment was entirely successful, though the doctor lived in Paris. 
There was not a single death in three years. There were one or two cases of 
scarlet fever and diphtheria, that were promptly and effectively isolated. This 
experiment was not philanthropic, but financial, the employer idealizing that 
he had better value in work from healthy handa^ 

A few factories now use or permit the use of a reader to read to 
their employees, where the manual nature of their work is such as 
not to be hindered by listening to a story. Others use a piano and 
have their employees march in and out to music The curious 
physiological relations between rhythm and work are now bejng 
observed by physiologists. Laboratory tests with ergometers seem 
to show that more work can be done under the stimulus of rhythm. 
Soldiers and sailors have for ages made use of music and rhythm, and 
it would not be beyond the range of possibility if the factory system 
should in some cases find more use for it than at present.* 

Unconsciously, business corporations have also made changes which 
tend to improve the sanitary conditions under which their employees 
work. In a large telephone exchange in Chicago the perfect working 
of the apparatus was much hampered by dust, so that insulation was 
seriously affected. To obviate this condition an expensive system 
was put into operation, by which the air was washed and pumped 
into the rooms under ideal conditions. What the company aimed at 
was the perfect health of its apparatus, but it gained in addition a 
decided improvement in the health of its employees. <» 

Another similar organization, the New England Telephone and 
Telegraph Company, at Cambridge, Mass., ventilated its oflSces 
during the winter or 1907-8 with unusual care, with the result that 
the number of days of work lost by its 60 female employees was cut in 
half. 

The need of industrial efficiency is driving business men to de- 
mand temperance or even total abstinance among their employees. 
This is one of the most powerful motives to-day working against the 
abuse of alcohol. In the South employers and the public see that 
negroes who drink are inefficient and dangerous. Railway officers 
and the traveling public realize that public safety requires sober 
locomotive engineers and firemen. Even drinking among sailors is 
being discountenanced. Doctor Grenfell, the missionary among the 
Labrador fishermen, says : " Why don't I want to see liquor used at 
sea? Because when I go down for a watch below, I want to feel 
that the man at the wheel sees only one light when there is only one 
light to see." 

Among semipublic institutions with power to exercise prodigious 
influence in improving the public health are the life insurance com- 
panies. Just as fire insurance companies make efforts to decrease 
the risk of fire, so life insurance companies might well join in public 
health movements to effect a reduction in the human death rate. 

While the financial motive is sordid, it should be utilized because 
of its tremendous power. The insurance companies to-day represent 

« Hubert Hi^j?!n8, " Humanlcultnre," New York (Stokes), 1006, pp. 2(»-211. 
* See Karl Btlcher, "Arbeit and Rythmus," Leipzig, 1902. 
« See Outlook, May 26, 1906. 
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an invested capital of over $3,000,000,000. An actuary recently re- 
marked to me, m connection with this subject, that tJiey could without 
feeling it contribute great sums annually to the preservation of public 
health. When insurance companies were estabfished, the old dictum 
that human vitality followed a fixed law served probably to exclude 
the idea of preventing death claims rather than paying for them. 
Now that we are learning the preventability of disease, the time must 
come when insurance companies will take an active part in the fight 
Even a single company would probably make a good investment if 
it sought to educate its own " risKS." But a far more effective method 
would be a combination of all companies to improve public health 
through the enactment of public legislation — by Congress, state legis- 
latures, municipal governments, and in numberless oQier ways.® 

Among some official agencies meant to promote the social welfare 
are two recent commissions appointed by the President — the Homes 
Commission, of 1C07, appointed for the purpose of studying the hous- 
ing conditions in the District of Columbia, aiid the Commission on 
Country Life, appointed to studjr the daily life of the farmer. Farm 
sanitation will be especially considered. 

Finally, there is a public yet voluntary agent in the progress of 
hygiene that must not be overlooked, namely, the modern periodical. 
Not only do the daily papers devote much attention to questions of 
health and hygienic reform, but the popular magazines have taken up 
the fight against disease, and are educating the popular mind, more 
surely than is realized, concerning the natural and normal way of life. 
It is necessary to add, however, that these same periodicals often 
nullify the benefits derivable from their reading matter by printing 
the most harmful of patent medicine, quack, drug, and alcoholic a<f 
vertisements. Public odium should attach to newspapers and maga- 
zines that advertise hurtful nostrums. It is impossible to estimate 
the harm wrought to the public health each year through such ad- 
vertising.^ 

The daily papers are especially culpable in this regard, but weeklies 
and monthlies are not wholly clear of the taint. When a newspaper's 
advertising space is once bought by quacks or nostrum sellers, its news 
columns become closed at once to matter considered objectionable by 
such advertisers. Frequently news items reflecting directly or indi- 
rectly on quackery are suppressed. Notable examples of publications 
that have taken strong ground against such advertising are Collier's 
Weekly, The Outlook, The Ladies' Home Journal, and a few — a very 
few — daily papers. 

•Since the above was written the Committee of One Hundred on National 
Health has urged this matter before the Association of Life Insurance Presi- 
dents, which body has appointed a committee to draw up plans. Also the Metro- 
politan Life Insurance Company has organized a bureau of cooperation and 
information to aid in distributing information to policy holders of the " Indus- 
trial " class. 

* For further discussion of this topic see a pamphlet by Samuel H. Adams on 
" The Great American Fraud," reprinted by the American Medical Association 
from a series originally appearing in Collier's Weekly, and "A Century's Crim- 
inal Alliance between Quacks and Some Newspapers," by Champe S. Andrews, 
Publications of the Committee of One Hundred, 1907. 
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Chapter IX. — ConservoMon through personal hygiene. 
Section 1. — Its importance. 

Following public and semipublic hygiene, we arrive at what is in 
niany respects the most important subject of all, personal hygiene. It 
is quite true that the individual is often at the mercy of unclean 
streets, bad drainage, impure water and food, and other shortcomings 
of public and semipublic hygiene. On the other hand, his own per- 
sonal interest is necessary in order to form the public opinion which 
alone can result in effective public and semipublic hygiene, while that 
interest is still more necessary to make such hvgiene apply directly to 
his own person. Clean streets are of use only as they make the air 
breathed purer, but they are of little avail to the household which does 
not ventilate its rooms or which keeps them in a state of filth. The 
milk supply of a city may be ideal, but all the pains to make it so 
will be set at naught if the individual consumer allows the milk to be 
contaminated after it is delivered. The labeling of foods and drugs 
will not prevent self-poisoning through alcohol, nor will the elimina- 
tion of preservatives from foodstuffs and the enforcement of sanita- 
tion in their manufacture be of avail if in their preparation for the 
table they are subjected to disease and dirt. Thus at every point of 
hvgienic progress, there must be individual cooperation with public 
efforts. 

AMien, contrariwise, health organizations and officials are inefficient, 
the individual may, in spite of these difficulties, often maintain good 
health. In New York a woman who was the occupant of a tenement 
overcame tuberculosis by sitting daily on her fire escape. The air 
was not the best, but it was much better than indoors. Similar results 
have been obtained by workmen in Brockton shoe factories, who, in 
spite of insanitary working places, and without cessation of work, 
conquered tuberculosis by sleeping on the roofs of their houses at 
night. 

Observation shows that many, possibly most, of the world's most 
vital men and women have virtually made over their constitutions 
from weakness to strength. Cornaro, the famous nonogenarian, Kant, 
and Humboldt are cases typical in different fields of achievement; 
Cornaro, a Venetian nobleman born about the middle of the fifteenth 
century and given up to die at the age of 37, foreswore all unhygienic 
habits and began to live " the temperate life," his abstemiousness 
applying especially to food. His age at death is variously estimated, 
but he lived to be at least 97. When over 90 he wrote a treatise on long- 
evity, laying down as the chief rules of a normal life, care in eating 
and drinking, and the avoidance of melancholy and passion.* 

Centenarians have usually been persistent followers of some rule or 
rules of rational hygiene, even though unconsciously.* 

Metchnikoff points out*' that part of the supposed inheritance of 
longevity may not be inheritance, but similarity of environment, and 
that it very frequently happens that husband and wife both live to be 

«Se€ L. Cornaro, "The Art of Living Long" (English translation, Wm. F. 
Butler, Milwaukee), 1903. 
^ Metchnikofif, "The Prolongation of Life," p. 141. 
• Ibid., p. 86. 
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over 100. This could scarcely happen by accident, but must be due to 
similar habits or environment. 

Humboldt confessed to a fellow-student that in the first years of 
his childhood his tutors were doubtful whether even ordinary powers 
of intelligence would ever be developed in him, and that it was only 
in the advanced part of his boyhood that he began to show any evi- 
dence of mental vigor. As a boy he suffered from debility which not 
infrequently produced great prostration.® 

Of recent examples may be mentioned a young physician who was 
given up to die of tuberculosis five years ago, but who to-day can 
run 25 miles without a rest ; and Horace Fletcher, who in his 46th vear 
was rejected for life insurance, but who later not only obtained his 
insurance, but proved his powers of endurance by cycling 190 miles 
on his 50th birtnday. 

And not only can weakness, if recognized early enougjh, be turned 
into strength, but strength, however great, may be dissipated in an 
incredibly short time. 

Personal hygiene means the strengthening of our defenses against 
disease. Public hygiene seeks to destroy the germs before they reach 
our bodily defenses. These two branches of hygiene are simply the 
two forms of warfare, defensive and offensive. Both are of tran- 
scendent importance, but the defensive warfare is more within our 
power. We always have our defending garrison, the white blood 
corpuscles, to deliver us from our enemies.* 

Section 2 — Branches of personal hygiene. 

Personal hy^ene comprises hygiene of environment (air, soil, 
dwelling, clotning) ; hygiene of nutrition ; and hygiene of activity. 

Man IS more dependent upon the atmosphere than upon any other 
environmental factor. His body is bathed in air and nis most vital 
function, respiration, depends upon it. Deprived of air, he will 
shortly suffocate. If the air is confined and impure, his health will 
be affected. Ideal air should first of all be pure — i. e., free from in- 
jurious bacteria, from dust, smoke, and noxious gases. It should 
also conform to certain standard conditions of humidity and tem- 
perature. In this field lie the sciences of climatolo^ and meteor- 
ology. Man learned long ago how to make himseli almost inde- 
pendent of climatic and atmospheric conditions by the use of dwell- 
mgs and clothing. These contrivances, however, while protecting 
him from the elements, have brought evils of their own. The great 
scourge of tuberculosis, for instance^ is principally an indoor disease. 

Intimately related to the appropriation, through the lungs, of oxy- 
gen from the atmosphere is the ingestion of food and drink through 
the alimentary canal. Normal health conditions demand in the case 
of ingested materials, as in the case of respired air, the greatest possi- 
ble purity, freedom irom injurious bacteria, and the absence oi sub- 
stances hurtful mechanically or chemically. 

Finally, the ideal conditions of health require perfect balance of 
work, play, and sleep. 

•"Life of Alexander von Humboldt," by Lowenberg Ave-T^llewort and Dore, 
translated by Jane and Caroline Lassell, New York (Lee & Shepard), 1873, 
Vol. I, pp. 30-32. 

* MetchnlkofT, " The New Hygiene." p. 14. 

7253^— S. Doc. 676. 60-2, vol 3 45 C"i^i^n]o 

Digitized by VjOOQIC 



706 REPOBT OF NATIONAL CONSEBVATION COMMISSION. 

While absolutely perfect conditions in these three branches of hy- 

Siene are unobtainable, hygienic progress consists in approaching 
lese ideals as closely as possible. 

The rules of personal hygiene are expressed in standard medical 
works on the subject. There is nothing novel in the brief resum6 
which follows. The radical changes in habits of living which are 
now being advocated and to some extent practiced imply nothing 
new. They have, for the most part, long been commonplaces of the 
medical profession. The knowledge is old. It is the application 
which is new. Medical men have long been telling their patients to 
get plent^r of fresh air and to masticate their food« But imtil re- 
cently their advice has fallen on deaf ears. 

Section 3 — The hygiene of environment. 

Air hygiene deals first of all with ventilation." The importance of 
properly ventilating houses is so great that to secure this end the ar- 
chitecture of houses will have to be changed. The worst historical 
instances of bad ventilation are the imprisonment and virtual suffoca- 
tion of 146 persons in the " Black Hole " of Calcutta and the confine- 
ment of 300 men in an underground room after the battle of Auster- 
litz. The evils of overcrowoinff come mainly from exhaled air and 
from the eflSuvia thrown off by the skin. Not only does overcrowding 
bring bad air, but it also increases the opportunity for infection. 

The air in our houses has impurities of its own. Oil and gas vitiate 
it. Electric lights are hygienic in this respect. Air is never quite 
free from dust impurities. Aitkin estimates that country air carries 
2,000 dust particles per cubic centimeter, city air 3,000,000, and in- 
habited rooms 30,000,000. 

In a clean hospital ward, when air was agitated by dry sweeping, 
the number of colonies of bacteria collected on a given expK)sure rose 
from 26 to 532, showing the effect of ordinary broom sweeping. The 
broom is now being replaced bv the carpet sweeper, and the carpet 
sweeper in turn by the vacuum cleaner. Each step represents progress 
in the elimination of dust. The removable rug is in this regard an 
improvement over the carpet. 

Air may even be poisoned by the chemicals contained in wall paper 
or in the plaster of a brick and mortar dwelling. 

The one place where the individual has more control over the air 
he breathes than anywhere else is his sleeping room. He may be 
powerless to control the air in his place of work, or even in the rooms 
where he lives during the day. 6ut, except where he shares a bed- 
room with others who are averse to modern ideas of ventilation, he 
can largely control the air supply during sleep, and this means during 
one-third of his whole time, ite can open wide his windows and in 
many cases arrange actually to sleep out of doors. The growing prac- 
tice of sleeping out of doors is one of the most significant signs of the 
times. Only those who have tried it realize the benefits. The air 
supply in public places would be under the control of individuals, if 
organize m protest ; and our churches, theaters, public halls, railway 
coaches, and railway sleepers would be properly ventilated if the 

•See Richards and V^oodman, "Air, Water, and Food/* New York (Wiley), 
1904; also Carpenter, ** Heating and Ventilating Buildings," New York (Wiley), 
1905; Sykes, ** PubUc Health and Housing " London (King), 1901, 216 pp. 
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public demanded improvement. Such a " score card '' as Prof. John 
K. Commons has devised for measuring the relaticm of housing con- 
ditions to an ideal standard might well be used in measuring the 
health utility of public places. 

The windows of living and work rooms may be opened in simrmier 
and somewhat in winter, provided a window board is used, to deflect 
the cold air upward fi'om the sill. It then does not form a cold 
stratimi on the floor, but mixes evenly with the air of the room. This 
simple device would go far to solve the question of winter shut-ins 
and their ailments. In many cities sleeping balconies are not uncom- 
mon among the dwelling houses. 

The many benefits from a pure air supply are only beginning to be 
realized. For instance, as long as " the outdoor life " is lived a cold 
is almost impossible. Armv officers have noted that as long as the 
men are on the march and sleep outdoors they hardly ever have colds, 
but that they become troubled with these as soon as they get indoors. 
Franklin, a century ago, knew these facts, though few of the present 
generation are acquainted with them. He believed " that people who 
Eve in the forest, in open barns, or with open windows, do not catch 
cold, and that the disease called ' a cold ' is generally caused by impure 
air, lack of exercise, or from overeating." He came to the conclusion 
that influenzas and colds are contagious — ^a doctrine which, a century 
and a half later, was proved, through the advance of bacteriological 
science, to be sound. The following sentence exhibits remarkable in- 
sight, considering the state of medical art at that time : " I have long 
b^n satisfied from observation that besides the general colds now 
termed ' influenzas ' (which may possibly spread by contagion, as well 
as by a particular quality of the air), people often catch cold from 
one another when shut up together in close rooms and coaches, and 
when sitting near and conversing so as to breathe in each other's 
transpiration; the disorder being m a certain state." In the light of 
present knowledge what a cautious and exact statement is that.* 

John Muir, the geologist and naturalist, says that he finds home 
the most dangerous place he can visit. 

As long as I camp out In the mountains without tents or blankets I get along 
Tery well, but the minute I get into a house and have a warm bed and begin to 
Uve on fine food, I get into a draft, and the first thing I know I am coughing 
and sneezing and threatened with pneumonia, and am altogether miserable. 

Atmospheric evils come from improper ventilation, and affect either 
the respiratory organs of the body or the skin. It has been supposed 
until recently that the presence of carbon dioxid gas in vitiated air 
was the chief evil caused by such air. Impure air will affect the 
lungs harmfully, but not till the amount of carbon dioxid con- 
tained is very large. Guinea pigs, on which the effects of bad air 
were observed, were not seriously affected by the carbon dioxid till 
it amounted to 14 per cent of the volume of the air. Fliigge and 
others have found that the evil of close atmospheres is largely a result 
of elevated temperature, humidity^ and absence of air currents. Tests 
were made on men who sat in impure air, but breathed pure air 
through tubes, and they presented all the symptoms usually resulting 
from Dad ventilation. 



• From " Benjamin Franklin as Printer and Philosopher," address of Presi- 
dent Charles W. BUot before American Philosophical Association, April 20, 1906. 
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Air baths have been shown to be as important for bodily health as 
water baths. For this purpose porous clothing should be worn and 
no more of it than is needful. Impervious cloth and rubber are prob- 
ably injurious as clothing. Loosely woven worsteds, or linen and 
cotton mesh are best adapted to let the air play on the skin. Clothing, 
to be hygienic, should not constrict the body. Tight shoes, and 
especially tight corsets, are distinctly injurious, and the injury to 
mothers from the latter may be felt by the next generation. Another 
insanitary feature in clothes is the trailing skirt, which drags indoors 
the sputum of consumptives and germ-laden dirt from the sidewalk. 

Closely connected with air and ventilation is light. The benefit of 
sunshine in killing germs and improving bodily vigor in every way 
is too well known to need more than mention. Tuberculosis and other 
germs thrive only in dark, damp, ill- ventilated places. 

Light has its most important oearing on the human health through 
the sense of sight. Its relation to eye strain has been discussed else- 
where. Headaches, backaches, indigestion, hysteria, and epilepsy are 
often aided by glasses. 

Section 4. — The hygiene of nutrition. 

A primary necessity for hygienic living is good drinking water. 
The modern man of means insists upon good water, and, as a result, 
the traveling public is now able to get first-class water in cars, hotels, 
and other public places. The improvement was brought about by 
the appreciation by the consumer of the danger of drinking impure 
water. It is the consumer who has it in his power to bring about the 
necessary reforms in public hygiene. Whenne really values hygienic 
environment producers will supply it. Professor Sumner has told us 
that persons m the middle ages sometimes drank out of their castle 
moats, which contained sewage. Even in New York to-day the roof 
tanks are sometimes used as baths or laundries; and they accumu- 
late dust and flies very rapidly. Only a few years ago the aldermen 
in a prominent western town laughed out of court a physician who 
called their attention to dangers which were real, but which they be- 
lieved imaginary, from a poTluted water supply. 

The scientific study of diet has only just begun and few authori- 
tative results can yet be stated. To avoid a lengthy review of 
controversial literature it seems best to pass the subject over rapidly, 
referring the reader for further information to some of the principal 
books on the subject. 

We have already seen the surprising improvement in endurance 
which followed the adoption of thorough mastication in place of the 
ordinary food bolting. Mr. Gladstone used to be noted for his care 
in slowly masticating his food, and latterly Mr. Horace Fletcher has 
aroused the interest of the public in the subject in Europe and Amer- 
ica.** He has also stimulated a large number of physiolo^sts to study 
the subject of mastication, the protein ration, and their relation to 
strength and endurance. 

•See Horace Fletcher, "The A, B-Z of our Own Nutrition," New York 
(Stokes), 1903; Dr. Hubert Higgins, " Humaniculture," New York (Stokes), 
1906 ; and Irving Fisher, " The Effect of Diet on lihidurance," publications of 
Yale University, Transactions of the CJonnecticut Academy of Arts and Sciences, 
1907. 



Digitized by 



Google 



FiSHBiLl NATIONAL VITALITY. 709 

A great deal has been written as to what foods are best. There 
exist various dietetic cults, such as vegetarians and fruitarians, raw- 
food advocates, etc. The question of what foods are ideally best is 
too large a one to be entered upon here. The evidence seems to point 
to a general conclusion that no hard-and-fast rule of exclusion is 
advisable, and that the value of different foods varies with the indi- 
vidual and with his activity, locality, physical condition, etc. His 
own instinct, restored and educated by avoiding the pernicious habit 
of food bolting, mav be made a truer guide than the wisest physician 
or physiologist. The same rule applies to the amount of food to be 
eaten, as well as to the propoi-tions of protein, fat, carbohydrates,* 
and mineral salts. Food bolting often leads to overeating. 

It should be noted that the conclusions of Chittenden and others 
are not in favor of a vegetarian regime, but of a low protein regime, 
whether vegetarian, lacto-vegetarian, or with flesh foods in modera- 
tion. The main point is moderation of the foods highest in protein, 
such as the whites of eggs and meats (especially lean meats). 

It would seem that the safest course for the average man is to fol- 
low the appetite, simplv guiding it toward a low protein diet by thor- 
ough mastication, and bjr giving the benefit of the doubt to foods low 
in protein. A reduction in the use of meat will increase, and probably 
cheapen, our national food supply. The raising of cattle requires 
much more land than the raismg of cereals, fruits, nuts, and vege- 
tables yielding the same amount of food value. As this will be a most 
important economic problem during the next hundred years, the Ques- 
tion of the character of our food supply should be most carefully 
considered in the stud^ of the conservation of natural resources. It 
is interesting to note, m this connection, that during the last century 
the consumption of flesh foods in the United States has considerably 
decreased.'' 

The subject of auto-intoxication as a conseauence of excessive pro- 
tein has already been mentioned.*^ To avoia auto-intoxication the 
putrefactive bacteria may be neutralized by lactic bacilli, such as are 
contained in sour milk. Another preventive is regular attention to 
thorough evacuation. 

Diseased foods are, needless to say, dangerous. Oysters are often 
planted in waters polluted with sewage, witn the result that epidemics 
of typhoid fever have been traced to their consumption. 

The housewife must be the guardian of the family in these respects, 
and in the cooking, preparation, and arranging of food generally. 
These now constitute " domestic science," which is justly winning 
recognition as one of the most potent of all hygienic agencies. When 

o For a short method of measuring these ma^itudes, see Irving Fisher, "A 
New Method of Indicating Food Values," American Journal of Physiology, Vol. 
XV, No. V, April 2, 190G; and for its practical application see "A Graphic 
Method in Practical Dietetics," Journal American Medical Association, Vol. 
XLVIII, April 20, 1907. See also, " Statistics of Diet in Consumptive Sana- 
toria," American Journal Medical Sciences, September, 1906. 

^See G. K. Holmes, "Meat Supply and Surplus," Bureau of Statistics, De- 
partment of Agriculture, Bulletin 55, 1907, p. 47. Mr. Holmes finds that the 
consumption of dressed meat per capita in the United States decreased between 
1840 and 1900, 40 per cent, and between 1890 and 1900, 25 per cent. 

« Supra, Chap. V. See also Herter's "Common Infection of the Digestive 
Tract" 
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the kitchen becomes a scientifically conducted laboratory we shall 
have the basis of a sound " home economics." 

Section 6. — Drua habits. 

It would scarcely be an exaggeration to say that the first rule of 
hy^ene is to avoid poisons. Poisons may dq generated within us 
or ingested from without 

Drug habits take numerous forms, and they are more prevalent 
than most persons realize. The commonest form of intoxication is 
alcoholic.® It is interesting to observe the change which has come 
about in the attitude of scientists toward alcohol. From having en- 
joyed a high place in materia medica, it is in danger of being com- 
pletely discredited.^ So far as its habitual use is concerned the only 
question which remains in debate is whether in minute quantities it 
may be innocuous or even beneficial. In any except minute quantities 
it has been shown to be injurious. 

It lowers the resistance of the white corpuscles, which are the natural de- 
fenders of the body. Although the phagocytes belong to the most resistant 
elements of our body, yet It is not safe to count on their insensibility toward 
poisons. It is well known that persons who indulge too freely In alcohol show 
far less resistance to infectious diseases than abstemious individuals.^^ 

Here is the gravest indictment that may be brourfit against the 
abuse of alcohm. It is not, however, the only one. The relation of 
drinking to insanity,** peripheral neuritis, Bright's disease, cirrhosis 
of the liver, inflammation of the stomach, arterioschlerosis (a most 
common cause of apoplexy ),• tuberculosis; ^ to crime in all its forms,^ 
and to all the possibilities incident to the hereditary transmission of 
a weakened organism* has been pointed out. If personal hygiene 
is a duty, it is the duty of every man to recognize the danger from 
alcohol to himself and to his progeny yet unborn. Instead of copying 
the habits of others, he may consider the responsibility of causing 
others to copy his. 

A subcommittee of the Committee of Fifty for the investigation 
of the liquor problem published in 1899 a volume on the economic 

<»For a discussion of the physiological effects of alcohol, see Physiological 
Aspects of the Tiiquor Problem, investigations made under the direction of 
W. O. Atwater, John S. Billings, H. P. Bowditch, R. H. Chittenden, and W. H. 
Welch, subcommittee of the Committee of Fifty ; New York, Houghton & Mifflin, 
1903, 2 vola ; and The IJquor Problem, a Summary of Investigations Conducted 
by the Committee of Fifty, 1893-1903, by John S. Billings, Charles W. Eliot, 
Henry W. Farnam, Jacob I^. Greene, and Francis G. Peabody, 1905. 

* The rOle of alcohol as a predisposing cause of disease has already been noted. 
It has long been known that drunkards have a very slim chance of recovery when 
attacked by pneumonia, and it is noted also that the mortality among moderate 
drinkers is higher than among total abstainers. This fact has long been 
known to life-insurance companies as holding good for many diseases other 
than pneumonia. Osier : Modem Medicine, Vol. II, p. 628. 

^Metchnikoff: The New Hygiene, p. 25. 

* See " Twenty-sixth Annual Report of Massachusetts Bureau of Labor," 1905. 
« Ditman, loc. clt, p. 47. 

f See John Huber, M. D., " Predisposition to tuberculosis," The Medical News, 
December 26, 1903, p. 12. Also reports of Phipps Institute, Philadelphia. 

ff See Boies's various works, the " Reports of the Committee of Fifty," and Re- 
port of the Massachusetts Bureau of I^bor Statistics, 1895. 

* See Henry Smith Williams, M. D., **Alcohol and the Individual," McClure's 
Magazine, October, 1908, pp. 704-712. 
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aspects of the problem. The investigation covered a period of about 
three years and was carried on under the general direction of Prof. 
Henry W. Farnam, of Yale University. Tne general conclusions of 
this investigation were that of the poverty which came imder the 
notice of the charity organization societies about 25 per cent could 
be traced directly or indirectly to the use of liquor; of the poverty 
found in almshouses, about 37 per cent. In the investigation of 
crime, the conclusion was reached that liquor was a first cause in 31 
per cent of the criminals studied, and that it entered in as a cause, 
directly or indirectly, in 50 per cent. 

The investi^tion made by the Massachusetts bureau of statistics of 
labor in 1895 indicated the following percentages due to alcoholism : 

Per cent. 

Crime 84.41 

Pauperism 48 

Insanity 35 

Several English life-insurance companies — ^the Sceptre, the United 
Kingdom, and General Provident and others — have found by their 
statistics, running over forty years, that abstainers have a death rate 
about 23 per cent lower than nonabstainers.*" Since the figures of the 
Mutual Life Insurance Company of New York ^ give the same advan- 
tage to American abstainers (23 per cent lower death rate), it seems 
jfair to take the available computations of the English life insurance 
companies as a basis for estimating the saving of life that would 
result in the United States if indiviouals should decide to give up the 
use of alcohol. It should be remembered, however, that the favorable 
figure of total abstainers is partly due to the fact that as a class 
they practice personal hygiene in all its forms. 

A basis for computing the sickness that might be saved by total 
abstinence is furnished by comparison between the sick rates of 
abstaining and nonabstaining societies, made by Mr. H. Dillon 
Gouge, public actuary of South Australia, in 1892. He found that 
the average weeks oi sickness in three societies of abstainers was 
1.248; in three societies of nonabstainers the average weeks of sick- 
ness was 2.317 (lacking only one-sixth of being twice as much). 

Absinthe in France has become almost as clearly a cause of national 
degeneration as opium in China. Fortunately for our own country 
there exists here a more determined effort than in most, if not all 
other nations, to be rid of alcoholism. The movement has been 
formidable enough to arouse anxiety among those whose capital is 
invested in breweries, distilleries, and saloons. The movement 
reaches its maximum momentum in the west and the south of the 
United States. It is significant of the rapid change of sentiment in 
regard to the liquor question that physiologists, physicians, educators, 
and publicists are now becoming so thoroughly impressed with the 
importance of supprCvSsing the evils of alcohol. 

The younger members of the Kaiser's family in Germany are 
opposed to the German habits in re^rd to the use of alcohol, and the 
son of the Kaiser chose for his university one where there was less 

o Letter from Miss C. F. Stoddard, secretary of the Scientific Temperance 
Federation. 

^ " Effect of Total Abstinence on the Death Rate," by Joel G. Van Cise, actu- 
ary of the Equitable Life Assurance CJompany of the United States. 
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drinking than at other universities. President Eliot, of Harvard 
University, has recently taken a strong position against the use of 
alcohol, even " in moderation." 

Another common, though less injurious, source of self-poisoning 
is tobacco, which is known to stunt the growth of the young, to lead 
to sluggishness and weakened hearts (" tobacco hearts "), and to cause 
dyspepsia and neurasthenia. 

Snuff taking has almost disappeared as a habit in this country. 
Chewing tobacco is still common,, though no longer defended by 
hygienists. " Inhaling " is more common, though also usually con- 
demned on grounds of health. Smoking shows no signs, as yet, of 
decreasing. In moderation it may not be injurious. There are no 
definite proofs on either side. But smokers are seldom moderata 

Doctor Seaver, of the Yale Gymnasium, foimd that of the 187 men 
in the class of 1891, Yale College, those not using tobacco during the 
college course had gained over the users of tobacco in weight 32 per 
cent, m height 29 per cent, in growth of chest 19 per cent, and in lung 
capacity 66 per cent." 

Similar returns for the Amherst graduating class of 1891 showed 
a gain by the nonusers of tobacco of 24 per cent in weight, of 37 per 
cent in height, and of 42 per cent in growth of chest. In lung capac- 
ity the tobacco users had lost 2 cubic inches of air space, while the 
nonusers had gained 6J cubic inches. 

The somewnat injurious effect of tea, coffee, and condiments, 
though less than many other evils, should be included in any list 
of the imperfections in respect to hygiene of existing habits of life. 

Section 6. — Activity hygiene. 

Only a generation ago there were scarcely any gymnasia in this 
country, but to-day the importance of regular exercise and bathing is 
recognized by everyone. This is far from saying, however, that this 
important method of conserving our vital resources has more than 
begun to be exploited. 

First, the bath for the well-to-do, and, latterly, the public baths for 
the poor, have given all an opportunity to obtain the cleansing and 
healmg agency of water. And in recent years the application of 
baths has become a science.* 

Baths may be used as social agents. Judge Ben. B. Lindsey, of 
the Denver juvenile court, insists that every child must take a bath 
before appearing in the court room. Neutral baths, i. e., baths regu- 

« Doctor Anderson, of the Yale Gymnasium, finds similar results. He also 
points out a statistical pitfall into whicli some investigators have fallen. This 
is the common statistical fallacy of selection. There are two great groups of 
college sudents, roughly distinguished as athletes and scholarship men. (See 
Doctor Sargent, " Physique of scholars, athletes, and the average student," 
Popular Science Monthly, September, 1908.) Smoking is more common In the 
former group. They are not athletes because they smoke, but smoke because 
they are athletes. The raw figures of smokers and nonsmokers usually show 
that the smokers have better physical development, but if we compare the 
smoking athletes with the nonsmoking athletes and the smoking scholarship 
men with the nonsmoking scholarship men the results are quite different. For 
similar statistical fallacies, due to failure to subgroup properly, see Mayo- 
Smith. " Statistics and Sociology," Macmlllan, 1895. 

* See J. H. Kellogg, M. D., *' Rational Hydrotherapy," Philadelphia, 1904. 
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lated to the temperature of the body, have been found valuable in 
relaxing the nerves of the body, and even in the treatment of mental 
disease. 

As to exercise, a healthy organism must call into play every func- 
tion daily, both mental and physical. One of the evils of the division 
of labor which civilization has brought is that the sedentary worker 
does not have enough physical exercise^ but too much mental exercise, 
while the situation is just the opposite m the case of the workingman. 

A well-known physical director, now nearly 50 years old, writes me 
that he has this year taken up systematic physical training, which 
he has neglected for several years because of pressure of work. As 
a result his weight has risen, his chest and arm girths have increased, 
while his waist girth has decreased, and he is conscious of decided 
improvement in memory and in sleep. This instance is cited as an 
example of the physical development possible in a man of middle 
age. 

In its bearing on exercise, the growth of modem athletics and its 
effects on the pnysical ideals of men and women is to be welcomed. 
The revival of the Olympian games and the spread of popular par- 
ticipation in such outdoor sports as golf, tennis, boating, and horse- 
back riding have all had their share in building up a new health 
ideal. Thus we are getting away from the mediaeval idea of morti- 
fication of the flesh and approaching more closely the Greek concep- 
tion of a beautiful body as the covering for a beautiful soul. The 
Greeks lifted their sports to a higher level than ours by surrounding 
them with imagination and making them a training in eesthetics as 
well as in physical excellence.** The American idea is at present too 
closely connected with mere winning, and not enough with develop- 
ment. In the past the physical athlete has been too much associated 
with the pugilist, and has been looked down upon as having merely 
brute strength. The intellectual type, on the other hand, has been 
content wholly to neglect bodily development. 

In the last three years considerable evidence has accumulated to 
show that the sitting posture of the sedentary man tends sooner or 
later to produce nervous prostration, and that the ordinarv chair 
invites to this effect by proaucing a bent attitude, both in the forward 
direction and in the shoulders. The effect of the former is to tax 
the splanchnic nerves and congest the portal circulation. The 
splanchnic area, which is enormous, is a sort of overflow tank for the 
blood. If the muscles of this area are allowed to relax through im- 
proper position in standing or sitting, the result is the stagnation 
of the blood in the abdomen, and this in turn results in a vicious 
circle of evil effects. Since much of our life is spent in chairs, this 
fact is of no small importance. Improperly made school chairs and 
unhygienic habits of sitting in them may start off millions of young 
lives with round shoulders, curved spines, and the later effects oi 
portal congestion. 

Exercise of mind does not simply mean exercise of intellect. The 
emotions and the will are equally a part of a well-developed healthy 
man. Late in life Darwin had occasion to lament the fact that his 
emotional capacity had become cramped because he had exercised 

«See G. L. Dickinson: "The Greek View of Life," New York (McClure, 
Phillips), 1006, pp. 131-134. 
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his mind in his own branch of work to the exclusion of other things. 
Whatever our ideas of theology or religion are, it is true that we all 
ought to have a spiritual sense. Some men lack this spiritual sense 
and are incapable of imderstandin^ the spiritual experience of others. 
" For toil without purposeful and occupied leisure is unfilled pur- 
pose, a process arrested midwav." « Worry and fear are imhealthy. 
Hope, courage, enjoyment, and an optimistic attitude generally are 
healthy.^ 

The ordinary workingman works two or three hours too mudi 
every day. Nearly every man overworks himself, takes insufficient 
rest and recreation, and worst of all, cuts oflf his normal portion of 
sleep. Fatigiie ought to be " avoided like poison," because, physio- 
logically, it is reafly poison. Worry, fear, and anger also produce 
poisons harmful to the human bodv. This is suggested at least by 
the effect upon a nursing infant of violent paroxysms of anger, or 
periods of mtense fear or anxiety on the part oi its mother. The 
intense exhaustion which follows such paroxysms is another case in 
point. 

An animal lives a much more healthy life than the average man, 
because an animal follows instinct, while a man to a large extent 
endeavors to substitute for his instincts rules which are very often 
false. One of the instincts constantly disregarded by man is that 
which finds its expression in fatigue. The ordinary man working 
for some one else is compelled to toil beyond the fatigue limit; and, 
on the other hand, if a man is in business for himself, he does the 
same thing of his own will. Although no one knows what sleep is, 
it serves, according to the best theory, to eliminate poisons and to 
rebuild tissue. With rest is closely associated recreation. Play 

Sractices the power of a child's mind, while contest among children 
evelops self-control.*' Similarly, adults are rested by play or recrea- 
tion, their minds and bodies are relaxed, while their contests of mimic 
warfare develop their powers of will and effort. 

Section 7. — Sew hygiene. 

One element in personal hygiene concerns the sex relation. This 
can not be treated under other leads, for the sex relation is so pui'ely 
a personal and individual one. From its normal utilization there is 
little to fear, but from the effects of illegitimate sexual practices the 
world suffers enormous yearly losses. It is hardly possible to have 
promiscuous sex relations out of wedlock without contracting one or 
the other of the serious venereal diseases. The best authorities report 
that " every prostitute is diseased some of the time and some prosti- 
tutes are diseased all of the time." 

One disease, syphilis, infects the blood and therewith all parts of 
the body. For months after infection with this disease tne indi- 

« Simon N. Patten : " The New Basis of Civilization," New York (MacmlUan), 
1907, p. 158. 

* Du Bois : " The Psychic Treatment of Nervous Disorders," New York, 1906, 
465 pp. Saleeby: "Worry, the Disease of the Age," New York (Stokes), 1907. 
Sldis: "The Psychology of Suggestion," New York (Appleton), 1899, 386 pp. 
Schofield; "The Force of Mind, or the Mental Factor in Medicine," London 
(Churchill), 1902, 309 pp. 

^ See President G. Stanley Hall ; ** Play and Dancing for Adolescents," Inde- 
pendent, reprinted In " Mind and Body," Vol. XIV, 1907, pp. 43-48. 
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vidual may communicate it by a kiss as well as by cohabitation; and 
articles moistened by his secretions — towcds, drinking glasses, pipes, 
etc. — ^may also convey the infection. While mider proper treatment 
the disease is not always dangerous to life in the earner years, yet 
the possibilities of transmitting the contagion should forbid marriage 
for at least three years. 

The most serious results of syphilis, some authorities say, may 
appear years after its acquisition, when the individual has been 
lulled into a false sense of security by lonff freedom from its mani- 
festations and considers himself cured. Many cases are practically 
incurable. Some are fatal in spite of treatment. It may attack any 
organ of the body. Among the many diseases to which it may lead 
are apoplexy, paralvsis, insanity, and locomotor ataxia; and these 
often appear arter tne man has acquired a family that is dependent 
upon him for support. 

The leading insurance companies refuse to insure the life of a 
syphilitic person for four or five years after the disease was con- 
tracted, and then only upon special terms, for their records prove 
that syphilis shortens life. 

That the syphilitic parent may transmit the disease to his offspring 
is common knowledge. Some of his children are destroyed by the 
inherited disease before birth ; others are bom to a brief and sickly 
span of life; others attain maturity, seriously handicapped in the 
race of life by a burden of ill health, incapacity, and misery produced 
by the inherited taint, while still others escape these evil effects.* 

Forel, in Die Sexuelle Frage, shows that even Weissman does not 
deny the possibility of poisoning the germ cell and so transmitting 
some " acquired characteristics," as in alcoholism and venereal poison- 
ing. One of the saddest facts in both cases is that the parent may 
escape and the children reap the results in insanity, tendency to con- 
sumption, and prostitution. 

Another disease — 

Gonorrhea, while usually cured without apparent loss of health, has always 
serious possibilities; it kills about 1 in 200; it impairs the sexual power and 
fertility of a much larger number ; it often produces urethral strictures, which 
later may cause loss of life.** 

The persistence of gonorrhea In the deeper parts long after it is outwardly 
cured leads to the unsuspected communication of the disease to women with 
whom the individual may cohabit Much of the surgery performed upon women 
has been rendered necessary by gonorrhea contracted from the husband. Should 
she while infected with this disease give birth to a child, the baby's eyes may 
be attacked by the infection, sometimes with immediate loss of sight. Probably 
25 per cent ^ of the blindness of children is thus caused. 

Dr. Prince A. Morrow says: 

This social danger comes from frequent introductions of these diseases into 
marriage. The frequency of marital contamination does not admit of exact 
mathematical expression, as both social sentiment and professional ethics unite 
to cover up and conceal it. Possibly 10 per cent of men who marry infect their 
wives with venereal disease. 

Circular No, 2. " Self-protection," Chicago Society of Social Hygiene, pp. 7-8. 

*The average of a great many statistics shows that one-fourth of all blind 
persons owe their affliction to the effects of opthalmia of the new born." Chas. 
H. May, M. D., ophthalmic and aural surgeon. New York, Transactions of Ameri- 
can Societies of Sanitary and Moral Prophylaxis, Vol. II, 1908. 
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The report of the Committee of Seven (New York) shows that in 
private practice nearly 30 per cent of venereally infected women were 
contaminated by their husbands. The report of the Committee on 
Sanitary and Moral Prophylaxis (Baltimore) shows that nearly 40 
per cent of the infections in women seen in private practice were com- 
municated in married life. " My own observations at the New York 
Hospital, extending over a period of several years, would indicate 
that fully 70 per cent of all women who came there for treatment of 
syphilis were respectable married women who had been infected by 
their husbands.** 

Observation shows that gonorrhea is markedly intensified in viru- 
lence and danger to the woman in fulfilling the functions for which 
marriage was instituted. Pregnancy and childbearing open the way 
for germs. One of the most constant effects of gonorrhea in women 
is permanent and irremediable sterility. Fifty per cent of gonor- 
rheally infected women become absolutely sterile, and a still larger 
percentage sterile after the first child is born (one-child sterility). 
Noeggerath found in 81 gonorrheal women 49 entirely sterile. In 80 
sterile marriages Kehrer found 45 caused by inflammatory changes of 
gonorrheal origin. It is estimated that the husband is directly re- 
sponsible for 20 to 25 per cent of sterility from his inability to pro- 
create as the result of gonorrhea. In addition the husband, though 
not sterile himself, may infect his wife, rendering her sterile. The 
disease is ultimately responsible for about 70 to 75 per cent of all 
sterility in married life, which is not of choice, but of incapacity. 
Lier-Ascher's careful statistics place this proportion at 71.2 per cent. 
These figures relate to absolute sterility. The chief social danger of 
gonorrhea as a depopulating factor is the creation of secondary steril- 
ity, or what has been expressively termed " one-child sterility." The 
large percentage of marriages in which one child represents the total 
fecundity of the family justifies the conclusion that this sterility is 
in many cases not of choice, but of procreative capacity extinguidied 
by gonorrhea.^ 

In addition, the inflammation set up in the maternal organs may 
render the mother a permanent invalid or compel her to submit to a 
mutilating operation to save her life. 

Gynecologists furnish statistical evidence showing that 80 per cent 
of the deaths due to inflammatory diseases peculiar to women * and 
about 70 per cent ^ of all the work done by specialists for diseases of 
women is caused by gonorrhea. 

In addition to the effect of a low protein diet on endurance, already 
discussed, and on general health, its relation to the sexual lite should 
be mentioned. Experiments on this subject seem to show that exces- 
sive meat eating and excessive protein intake tend to irritate the 
sexual organs and to produce abnormal sexual desire just as they do 

* Morrow, Social Diseases and Marriage, Philadelphia (Lea), 1904. 

^ In report of special committee of the American Medical Association, 1901, 
Hunniston says: *' Ninety per cent of Inflammatory troubles of maternal organs 
are attributable to gonorrhea." Price says: "That in over 1,000 operations for 
pelvic trouble 95 per cent were attributable to this infection." Another author- 
ity gives a percentage of 75. 

^ Address of Doctor Cleveland, president of American Gynecological Society, 
at National Ck)ngress of American Physicians and Surgeons, Washington, 1007. 
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a desire for alcoholic stimulation. This fact is of importance in pre- 
venting secret vice among the young. 

Thanks to the efforts of a tew farsighted men like Dr. Prince A. 
Morrow, Prof. C. R. Henderson, and Mr. Edward Bok, these subjects 
are being given some of the publicity they deserve. Reticence on 
these subjects is justified only so far as it makes for youthful inno- 
cence. But ignorance is not innocence; on the contrary it is the 
surest road to guilt. 

Section 8. — Personal hygiene in general. 

Personal hygiene is only beginning to be generally exploited. Most 
persons leave their health to be attended to by physicians and health 
officers, just as many people leave their religion in the hands of a 
priest or clergyman. So lar as practiced at all, personal hygiene has 
been confined chiefly to invalios and athletes. Even by them it is 
usually practiced to tide over an illness or to prepare for a contest. 
But it is manifest destiny that a wise economy of vitality will sooner 
or later be practiced. Waste of vital resources is as irrational as 
waste of natural resources. Neither is inexhaustible and both must be 
conserved. Thoughtlessness and ignorance are the reasons for the ap- 
palling waste of both now going on. Even people who do not defi- 
antly abuse their strength by definite excesses are liable to waste it 
Gradually. Slightly unhygienic habits grow, and their effects are 
oubtless cumulative. It is well known that even a so-called " venti- 
lated house," if lived in long enough without sufficient outdoor life, 
may induce tuberculosis. This must be through the repetition of an 
infinitesimal injury produced through each respiration eighteen times 
a minute for twenty-four hours a day for half a lifetime. 

So with the use of food preservatives. Food manufacturers have 
laid much emphasis on the fact that preservatives are " harmless " 
because used m small quantities, but Doctor Wiley has raised the 
question whether even very small quantities of these preservatives, 
if used continuously for a sufficient length of time, are not injurious. 
The same applies to the repetition of preservatives in a large number 
of different foods. If only one particular food contained a preserva- 
tive, the effect would be relatively negligible; but as one food after 
another has become adulterated, the human stomach is made the daily 
receptacle of many times the " harmless " amount in any one par- 
ticular food. The obstacles to hygiene which have accumulated with 
civilization are almost as numerous and as small as the barnacles 
which impede a ship. To remove them is in large part to " return to 
nature." Many of the inventions of which civilization boasts have 
had an unhygienic side. The invention of houses has made it pos- 
sible for mankind to spread all over the globe, but it is responsible 
for tuberculosis, especially after glass was devised, which while let- 
ting in the light keeps out the air. The invention of cookinof and 
preparing foods has widened the variety of man's diet, but has Ted to 
the decay of his teeth." The invention of the alphabet and printing 

« See Ottofy, " The Teeth of the Igorots," Dental Cosmos, July, 1908, where 
it is shown, statistically spealcinR, that the teeth of Americans are '* ten times as 
bad as those of the Igorots," whUe the civilized Filipinos have teeth as bad as 
those of Americana 
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has made possible the accumulation of knowledge, but it has produced 
eye strain with all its attendant evils. The invention of chairs has 
added to human convenience, but has led to spinal curvature and 
abdominal congestion. The device of a division of labor has added 
to wealth, but has destroyed the normal balance of mental and phys- 
ical work, recreation, and rest. Similar fault may be found with 
clothing, especially corsets, shoes, and hats, and with numerous other 
contrivances. Yet it would be foolish, even if it were possible^ to 
attempt to " return to nature " in the sense of abolishing civilization. 
We must not go backward, but forward. The cure for eye strain is 
not in disregarding the invention of reading, but in introducing the 
invention of glasses. The cure for tuberculosis is not in the destruc- 
tion of houses, but in devices for ventilation. It is a little knowledge 
that is dangerous. Civilization can, with fuller knowledge, bring its 
own cure and make the " kingdom of man " far larger, even in respect 
to hygienic conditions, than " nature " people can ever dream of. 

Unhygienic customs and fashions are exceedingly slow to yield, 
but they do yield in the end. It should be the part of intelligent men 
to lead in hygienic reform, not by intolerant and impatient abuse of 
their fellow-men, but by the quiet force of example. The intolerant 
and impatient reformer does incalculable harm, for he takes no ac- 
count of that subtle perversity of human nature which resents his 
interference. Equally harmful is the man who seeks only to imitate 
the crowd, who condones the vices of his time and country. 

But we must always bear in mind what has been called the " psy- 
chology of the crowd." Tarde, Le Bon, Baldwin, Koss, and others 
have shown that society is largely ruled by customs which grow out 
of imitation. In order that any social custom shall be changed, 
initiative is necessary. The upper classes should take the lead, for any 
reform will spread many times more quickly when the initiative comes 
from above than when it comes from oelow. Western civilization has 
made its marvelously rapid progress in Japan for the simple reason 
that the Mikado approved, and marvelously slow progress in China 
for the simple reason that the Empress disapprovea. 

We find the same principle at work in tne progress of medicine. 
Hydrotherapy originated with a peasant and required three centuries 
to come into vogue. The use of sour milk, on the other hand, has been 
advocated only during the last two or three years, but the initiative 
came from Metchnikoff, one of the foremost of medical scientists. 
The consequence is that the so-called " sour-milk craze " has already 
led to great industries and affected the business of groceries, soda- 
water fountains, and even liquor saloons. 

The change constituting hygienic reform will be brought about most 
rapidly by the influences on the yoimg. If children in their homes 
and schools are given proper models for imitation, the public opinion 
which they will form may make a revolution in a single generation. 
Anyone who realizes the almost resistless force of the principle of 
imitation, especially when applied to children, will receive a new sense 
of the responsibility he takes in setting an example to the young. 
There are three classes in particular on whom the responsibility is 
heavy — teachers, physicians, and parents. If they wish the child to 
be free from the ci^rette habit, they must sacrifice the cigar and pipe 
habit, even though it be true that cigars and pipes are not injurious to 
adults. They may believe this, but the children will not The same 
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Erinciple applies to other and more serious infractions of the laws of 
ealth. It is probably through the love of the next generation, rather 
than through any selfish care for the present, that men and women 
now living will take the most pains to secure the best results in 
bringing about the change in living conditions for which every 
hygienist hopes. 

Chapter X. — Are hygienic measures eugenic? 

Section 1. — Prolongation of weak lives. 

We have discussed two factors which cooperate to produce vitality, 
namely, heredity and hygiene ; and two corresponding methods of im- 
proving vitality, namely, by utilizing a possible science of eugenics 
on the one hand and by utilizing the existing science of hygiene on 
the other. The question now arises, Are these two methods in conflict 
with each other ? It is charged that hygiene prolongs the lives of unfit 
and defective classes. We nave alreaoy seen that in Indiana, institu- 
tional care of the insane has prolonged the average insane lifetime by 
some eight years. Referring to the insane. Dr. Charles Dana says : 

For twenty-five years the explanation of this increase in statistics of insanity 
has been that more cases were observed and more victims kept in institutions 
than formerly; and this is still the explanation. It is my opinion, however, 
that the Increase Is a real one, and it is one to be expected not only from the 
strenuousness of modem life and increase of city population, but also, because 
more feeble children are nursed to maturity and more invalid adolescents are 
kept alive to propagate weakly constitutions or to fall victims themselves to 
alienation, the period of life susceptible to insanity is longer. 

A fourth of the cases of insanity is due to so-called " moral causes : " Emo- 
tional strain, shocks, and vicious indulgences. But moral causes are not sufficient 
to cause insanity if the individual has a strong constitution. Insanity is increased 
in part, then, because we are saving too many lives by the careful regulations 
of our health boards. Hence, those who are working so enthusiastically and 
nobly and successfully in preventing disease achieve results which carry serious 
responsibilities for the State.** 

It is true that we prolong the lives of the insane and defective 
classes, and that they thus make a greater burden on society. We 
should see to it that certain of these classes are not permitted to prop- 
agate their kind. This point has been explained in Chapter VI. 

It is further claimed that infant mortality is but the operation of 
natural selection and should not be interfered with if we are to keep 
up the vital power of the race. Preventive medicine has certainly 
prolonged the lives of infants or, at any rate, of children in generally 
but has this weakened the race ? It is pointed out that the mortality 
later in life has not decreased, and that in some cases it has even 
tended to increase. But this fact can be explained in either of two 
ways. One is on the hypothesis of the extension of the lives of weak 

o *' Psychiatry in its relation to the other sciences," by Charles L. Dana, M. D., 
before the section on psychiatry at the International CJongress of Arts and 
Science, at St. Louis, September, 1904. See also Janus in Modem Life, by W. M. 
Flinders Petri, New York (Putnam), 1907. 

^ See Edwin Graham, " Infant mortality," Journal American Medical Asso- 
ciation, September 26, 1908 ; also Edward B. Phelps, " Statistical study of infant 
mortality," Quarterly Publications American Statistical Association, September, 
1908. Mr. Phelps shows that infant mortality has declined less than is com- 
monly believed, and that its apparent decline is often due to Inaccurate and 
misleading statistics. 
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infants. The other is on the hypothesis of the comparative neglect 
of hygiene among adults. It is surprising that this latter alternative 
has not been given due consideration. 

Every detau of infant life has latterly been made the subject of 
special study, and every mother of common intelligence has tried to 
learn and to apply the results of that study. The times of the baby's 
meals, the quantity of its feeding, the modification and sterilization of 
cow's milk, the hours of sleep, the ventilation of sleeping rooms, and 
other innumerable details are now attended to with scrupulous care. 
The change in these respects, even within the memory of most persons 
now living, is striking. The children have reaped the rewara. But 
no corresponding change has taken place in the habits of the adult 
population. Many families buy one grade of milk for the babies, 
and another cheaper grade for the rest of the family. This they re- 
gard as " economy." Parents require their children to keep regular 
and suitable hours for sleep, but "owl it" themselves. They will 
keep their children out of doors, and send them into the country, but 
subject themselves to the dust, smoke, and close air of the workroom 
and places of business. They will not allow their children to use 
alcohol or tobacco, or even tea or coffee, much less opium, chloral, or 
other habit- forming drugs, but they take these themselves as a matter 
of course. They are now insisting on playgrounds for children, but 
their own amusements are sought m the unhj^gienic theater, or maybe 
in the saloon or immoral resort. The child is protected on all sides, 
with the result that he sometimes lives almost an ideal animal life, 
with its due proportion of amusement, exercise, rest, and sleep. The 

f)arents themselves are tied down to drudgery, overwork, worry, and 
ong hours. The difference, when we reflect upon it, is startling. We 
make hygiene paramount tor our children ; for ourselves we neglect 
it totally, partly from the idea of sacrificing ourselves for the sake of 
our children, partly from necessity, real or imagined, and partly 
from the thraldom of habit already formed. With such a contrast 
between the recent improvement of hygiene in childhood and the lack 
of improvement in middle life, one need not wonder that the mor- 
tality of one period has improved and that of the other has not. We 
do not need to invoke the aid of the theory that weak lives have been 
more prolonged than strong lives. The moral is that hygiene should 
not stop in childhood. It is natural and proper, however, that the 
first attempt to apply hygienic knowledge should begin with children. 
It is through children tliat new ideas usually make their way into 
custom. " You can't teach an old dog new tricks." Grown persons 
have habits already formed, and when once a habit is formed it is 
difficult to change it. 

Habits of living among; adults have even grown worse in some 
respects. Observing practitioners comment on the increasing nervous 
tension in modern life. The rush of the railway train, the telephone, 
the elevator are at once an outgrowth and an excitant of this in- 
creased tension. They are life's pace makers, and the pace is ever 
quickened. The health officer of New York City attributes to this 
severer strain the increase of heart and nervous diseases. It would 
be interesting to know the relative prevalence of adult diseases under 
conditions of reposeful and exciting surroundings and occupations, 
but I loiow of no investigation on this phase of the subject. 
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While this report was being written the recent figures from Great 
Britain came to hand. They show that the tendency of the death 
rates among the later ages to increase seems to have given place to a 
slightly opposite tendency. The expectation of life at ages 40, 60, 
and 80 during the decade of 1891-1900 has a little more than held 
its own as compared with the previous decade. 

Section 2. — Children's diseases impair hoth fit and unfit 

Another point needs emphasis. When it is said that the lives of 
weak infants are prolongea it is commonly overlooked that the same 
causes also prolong the lives of the strong, and, reversely, that un- 
hygienic conditions which tend to exterminate the weak tend also 
to shorten the lives of the strong. Bad hvgiene is merely a common 
handicap for all classes. The burden of proof is upon those who 
claim that it has a differential effect and increases the process of 
weeding out the unfit. This weeding-out process goes on whether 
there is a great or a small obstruction to overcome. Bad air and 
children's epidemics are the common environment of all. Wliile 
this must produce a greater mortality, it remains to be shown that it 
would be more selective. 

That a high infant mortality does not tend to lengthen life, but 
rather to stunt all life, would seem to be indicated by the evidence, 
so far as it can be interpreted. Russia, for instance, has a high 
infant mortality. If the statistics are to be trusted, it is 70 per cent 

freater than in the United States; yet Moscow and St, Petersburg 
ave a general mortality rate which greatly exceeds that of similar 
cities in this country. 

It may be that the more unfavorable the struggle for existence 
the more rapidly will natural selection result in improved vitality. 
But even if this were true, it would not imply that in a more favor- 
able environment selection would cease. And it may not be true. It 
may be that adversity, if too severe, will crush and injure the sur- 
vivor as well as eliminate the unfit. We do not look for the best 
trees on the bleak mountain top, but in the genial valley. As we go 
up the struggle for existence mcreases, until even the sturdiest fail 
to thrive alx)ve the " timber line." 

The farmer who tries to improve his stock does not select hardships. Cold 
and starvation are now negligible quantities in the great ranches, and the breeds 
that were notable for ability to withstand them give way to varieties that may 
be adapted to neither emergency .« 

Venereal diseases, hook-worm disease, malaria, and many other 
maladies shorten and weaken life, whether of weak or strong. Re- 
ferring to the racial degeneration probably caused by malaria on the 
sturdy Greek, Maj. Ronald Ross said, in an address before the Oxford 
Medical Society, November 29, 1906 : ^ 

Now what must be the effect of this ubiquitous and everlasting incubus of 
disease on the people of modern Gre(?ce? Keniember that the malady is essen- 
tially one of infancy among the native poi)ulation. Infecting the child one or 
two years after birth, it i)ersecutes him until puberty with a long succession of 
febrile attacks. ♦ ♦ ♦ Imagine the effect it would produce upon our own 

o Simon N. Patten, The New Basis of Civilization, New York (MacmlUan), 
1907. 

^ This quotation is from Dr. L. O. Howard's report to the CJonservatlon CJom- 
mlssion on " Economic loss to the people of the United States through insects 
that carry disease." 
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children here In Britain. ♦ ♦ ♦ What would be the effect upon our popula- 
tion, especially our rural population — upon their numbers and upon the health 
and vigor of the survivor? It must be enormous in Greece. People often seem 
to think that such a plague strengthens a race by killing off the weaker individ- 
uals; but this view rests upon the unproven assumption that it is really the 
weaker children which can not survive. On the contrary, experience seems to 
show that it is the stronger blood which suffers most — the fair, northern blood 
which nature attempts constantly to pour into the southern lands.*" If this be 
true, the effect of malaria will be constantly to resist the invigorating influx 
which nature has provided; and there are many facts in the history of India, 
Italy, and Africa which could be brought forward in support of this hypothesis. 
• ♦ ♦ In prehistoric times Greece was certainly peopled by successive waves 
of Aryan invaders from the north. ♦ ♦ ♦ That race reached its climax of 
development at the time of Pericles. ♦ ♦ ♦ Suddenly, however, a blight fell 
over all. Was it due to internecine conflict or to foreign conquest? Scarcely, 
for history shows that war burns and ravages, but does not annihilate. Thebes 
was thrice destroyed, but thrice rebuilt. Or was it due to some cause, entering 
furtively and gradually sapping away the energies of the race by attacking the 
rural population, by slaying the newborn infant, by seizing the rising genera- 
tion, and especially by killing out the fair-haired descendant of the original 
settlers, leaving behind chiefly the more immunized and* darker children of their 
captives, won by the sword from Asia and Africa? ♦ ♦ ♦ I can not imagine 
Lake Kopais, in its present highly malarious condition, to have been thickly 
peopled by a vigorous race; nor, on looking at those wonderful figured tomb- 
stones at Athens, can I imagine that the healthy and powerful people repre- 
sented upon them could have ever passed through the anaemic and " splenomega- 
lous" infancy (to coin a word) caused by widespread malaria. Well, I venture 
only to suggest the hypothesis, and must leave it to scholars for confirmation 
or rejection. Of one thing I am confident — that causes such as malaria, dysen- 
tery, and intestinal entozoa must have modified history to a much greater extent 
than we conceive. 

Evolution in human society is a wonderfully complex thing. Sur- 
vival of the races has long been dependent on a long period of pro- • 
tection of children by parents, and may in future even depend on 
protection of other kinds.* 

Section 3. — Fitness is relative to environment 

Whether or not degeneration is actually going on is a question for 
which the data are insufficient for us to form an intelligent generaliza- 
tion.. That there are very strong forces working in that direction can 
not be questioned, but there are also very strong forces working in 
the opposite direction. In discussing degeneration, one point must 
be borne in mind which has often been forgotten by writers on the 
subject. Man's fitness to live is relative to the environment in which 
he IS to live. If muscular strength decreases, it is not a sign of de- 
generation, provided muscular strength is no longer needed. One 
does not speak of hothouse grapes as degenerates. They doubtless 
lack the hardy characteristics of wild grapes, but these characteristics 
are not needed in a hothouse. 

If it should prove true that in some directions humanitarian im- 
pulses betray us into favoring the survival of the unfit and their 
perpetuation in the next generation, such shortsighted kindness must 
be checked. But all the dangers of perpetuating vital weaknesses can 
be avoided if proper health ideals are maintained. For when such 

« Physicians maintain that some diseases, especially typhoid fever and pneu- 
monia, are more apt to attack the strong than the weak. 

^See Prince Kuropatkln, "Mutual Aid a factor in Evolution," New York 
(McClure-PhUllps), 1902, 
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health ideals become a national possession fewer weak infants will 
be bom into the world. This will come about in three ways : First, 
marriage and " sterilization " laws will reduce the number of mar- 
riages of degenerates. Secondly, parents will be more careful of 
transmitting disease or weakness to their offspring. There is strong 
reason to believe that inheritance depends largely upon the physical 
condition of both parents at the time of conception. If at such a time 
either parent, or both parents, are in a state of intoxication or suf- 
ferers from venereal disease, this lack of hygiene on their part will 
affect the heredity of the offspring. Immorality, which practically 
means lack of sex hygiene, never strengthened a race ; on the contrary 
it has been the most potent cause of race extinction (of the Hawaiians, 
Indians, negroes, and others).* Thirdly, the influence of higher 
ideals of health and vitality will tend both to restore the attraction 
of a strong and beautiful phvsique to its rightful place among the 
various attractions which lead to marriage, and to lessen the allure- 
ments of such extraneous attractions as wealth. 

oSee F. L. Hoffman, "Race Traits and Tendencies %of the American Negro," 
Publication of American Economic Association, Ch. VII. August, 1896. 
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Chapter XI. — Prolongation of life. 

Section 1. — Life is lengthening. 

We have already seen evidence of the possibility of prolonging 
life : In Europe the life span is double what it is in India. The death 
ratB of Dublin is over twice that of Amsterdam, and three times that 
of rural Michigan. Again, making every allowance for inaccuracies of 
old records, we have strong reason to believe that life is twice as long 
as three or four centuries ago, and modern accurate records show that 
it is to-day increasing more rapidly than ever. The rate at which 
this lengtnening proceeds per century is shown in the following 
table, based on Chapter I. 

Rate of lengthening life (in years, per century). 



Country. 



Periods. 



Males. 



Females. 



England 

Do 

France 

Prussia 

Denmark 

Sweden 

United States: 

Massachusetts 

Do 

India 



1838-1864 to 1871-1881, or 80 years 
1871-1881 to 1891-1900, or 20 years 
1817-1831 to 1898-1903, or 76 years 
1867-1877 to 1891-1900, or 23 years 
1835-1844 to 1895-1900, or 57 years 
1816-1840 to 1891-1900, or 67 years 

1789 to 1856, or 66 years 

1865 to 1893-1897. or 40 years 

1881 to 1901, or 20 years 



6 


9 


14 


16 


10 


U 


25 


29 


18 


15 


17 


15 




7 


1 


I 




D 



From this table we observe: 

First. That the rate of progress is extremely variable in different 
countries. It is perhaps no accident that the maximum rate obtains 
in Prussia, whicn is probabJy the most progressive country in the 
discovery and application of scientific medicine. If progress con- 
tinues for a centuiy at merely the present rate, human life in Prus- 
sia will be twenty-five to twenty-nine years longer than at present. 
The average rate of improvement for all the countries, excepting 
India, is about fifteen years per century. 

Second. It is noticeable that in practically all cases the improve- 
ment is more among females than males. This is one expression of 
the progress which womankind is now making in all lands. 

Third. This table, as well as the estimate of Professor Finkelnburg 
already quoted, shows that not only is the average duration of human 
life increasing, but that the rate of increase is also increasing. The 
estimate of Finkelnburg that the lengthening of life during the inter- 
val between the sixteenth century and the end of the eighteenth cen- 
tury was from eighteen or twenty years to a little over thirty years 
shows a rate of increase of about four years per century. During 
724 
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the following century he estimated that the life span increased from 
a little over thirty to thirty-eight or forty years, or about nine 
years per century. In the table we see that in England the length of 
life was increasing in the middle of the nineteenth century at a rate 
of from five to nine years per century, while during the last quarter 
it was increasing at from fourteen to sixteen years per centiiry. In 
Massachusetts tne imperfect data indicate that life lengthened in the 
first half of the eighteenth century at the rate of about seven years a 
century. The indication for the last part of the nineteenth century 
is that it increased at the rate of fourteen years per century. 

We may briefly summarize chronologically the general rate of 
increase as follows: 

Lengthening of human life per century. 

Tears. 

During seventeenth and eighteenth centuries 4 

During first three quarters of the nineteenth century 9 

Present rate in Massachusetts 14 

Present rate in Europe 17 

Present rate in Prussia 27 

Section 2. — Table showing further practicable prolongation. 

It would be surprising if the future should not witness a further 
lengthening of human life, and at an increasing rate. Of course 
there is a limit to the further increase of human life, but there is 
good reason to believe that the limit is still far off. 

The following table" shows that at least fourteen years could be 
added to human life by the partial elimination of preventable diseases 
according to the stated ratios of preventability. This is equivalent 
to a reduction in the death rate of about 25 per cent. The table is 
based on the causes of death given in the census volume for mortality 
statistics for 1906. These causes are arranged according to the aver- 
age, or rather median,^ age at death from the disease. This median 
age is given in the second column. The order in this column shows at 
a glance the successive onslaught of, or rather fatality from, the vari- 
ous causes of deatli. The table shows the successive bombardments of 
disease to which human life is subject. 

The third column gives the average lost " expectation of life ; " <^ 
that is, the expectation cut off by each particular cause of death. 

The fourth column represents the percentage which the deaths from 
each particular cause bear to the total number of deaths in 1906 in 
the registration area. It shows the relative importance of the differ- 
ent causes of death in the present death rate, but has no reference to 
the age at death. 

The fifth column contains an estimate, made by physicians, of the 
ratio of preventability of deaths from each cause named. 

« For detailed statement in regard to the construction of this table, see appen- 
dix to this chapter. 

^ By the '* median " age at death is meant the age such that one-half of the 
deaths occur earlier and one-half later than this age. The ** median ** is a species 
of average, but differs from the ordinary arithmetical average. It has the great 
advantage of ease of computation. 

<^ The •* expectation " is talcen from the figures of Abbott for Massachusetts, 
1893-1897, and is the average of expectation of males and females. See Report 
State Board of Health for Massachusetts, 1898. 
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The items in the sixth column are found by multiplying together 
those in the fourth and fifth columns, and express the percentage which 
the preventable deaths from each cause named bears to the total num- 
ber of deaths from all causes. 

The seventh and last column gives the figures for which the table 
is constrjicted, namely, the amount of prolongation of life which 
would come about through preventing deaths according to the ratios 
of preventability in column 5. When it is said that a death is pre-, 
ventable, it is not, of course, meant that the person saved from it 
will never die, but merely that his death is postponed. The term 
" postponable " would avoid a great deal of confusion on the subject. 

The principle on which the last column is constructed is simply 
the principle of averages. The column shows the prolongation of 
life which would be caused by postponing the " postponable " deaths 
by the amounts indicated in column 3. To illustrate this princi- 
ple, suppose ten magnitudes to be averaged arithmetically, and that 
their average is thirty. To fix our ideas, we may suppose these ten 
magnitudes to be represented by ten lines drawn on a sheet of paper. 
It is evident that it one of these ten lines is prolonged the average 
of the ten will be thereby increased by exactly one-tenth of the pro- 
longation of that one line. 



Possible prolongation of life. 



1. Prematura birth 

2. Congenital malformation of 

heart (cyanosis) 

5. Congenital malformations 

other than of heart 

4. Conffenital debility 

6. Hydrocephalus 

6. Venereal diseases 

7. Diarrhea and enteritis 

8. Measles 

9. Acute bronchitis 

10. Broncho-pneumonia 

11. Whooping cough 

12. Croup 

18. Meningitis 

14. Diseases of larynx other than 

laryngitis 

16. Laryngitis 

16. Diphtheria 

17. Scarlet fever 

18. Diseases of lymphatics 

19. Tonsiiitis ^ 

20. Tetanus 

21. Tuberculosis other than of 

lungs 

22. Abscess 

28. Appendicitis * 

24. Typhoid fever 

25. Puerperal convulsions 



Years. 



Years. 


Percent. 


50 


2 


60 


.66 


50 


.8 


50 


2.8 


60 


.1 


50 


.8 


50 


7.74 


50 


.8 


50 


1.1 


50 


2.4 


50 


.9 


54 


.8 


64 


1.6 


64 


.07 


64 


.06 


64 


1.4 


64 


.6 


61 


.01 


52 


.06 


52 


.19 


40 


.17 


39 


.08 


89 


.7 


38 


2 


o87 


.2 



Per cent. 


Percent 


Years. 


40 


0.8 


0.4 
















40 




.92 


.46 









70 


.21 


.11 


60 


4.64 


2.3-2 


40 


.32 


.16 


30 


.33 


.17 


60 


1.2 


.6 


40 


.86 


.18 


76 


.22 


.12 


70 


1.12 


.6 


40 


.03 


.02 


40 


.02 


.01 


70 


.98 


.63 


60 


.2.S 


.14 


20 


.002 


.001 


46 


.02 


.01 


80 


.16 


.08 


76 


.18 


.06 


60 


.05 


.02 


50 


.86 


.14 


86 


1.7 


.65 


80 


.06 


.02 



• " Expectation " for females. 

*Ab to some inaccuracies in this column, see 



Appendix to this chapter, section 4. 
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26. 
27. 

28. 
29. 
80. 
31. 
82. 
83. 
84. 
85. 
86. 



87. 
88. 



40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
61. 
62. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 



70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
88. 
84. 
85. 



Puerperal septicemia 

Other causes incident to child- 
birth , 

Diseases of tubes , 

Peritonitis 

Smallpox 

Tuberculosis of lungs . . .' 

Violence 

Malarial fever 

Septicemia 

Epilepsy 

General, ill defined, and un- 
known causes (including 
"heart failure," "dropsy," 
and "convulsions") 

Erysipelas 

Pneumonia (lobar and un- 
qualified) , 

Acute nephritis 

Pleurisy , 

Actite yellow atrophy of liver. . 

Obstruction of intestines 

Alcoholism 

Hemorrhage of lungs 

Dise&sesof thyroid body 

Ovarian tumor 

Uterine tumor 

RheumatiNm 

Gangrene of lungs 

Anemia, leukemia 

Chronic poi;(oning8 

Congestion of lungs 

Ulcer of stomach 

Carbuncle 

Pericarditis 

Cancer uf female genital organs 

Dysentery 

Gastritis 

Cholera nostras 

Cirrhosis of liver 

General paralysis of insane 

Hydatid tumors of liver 

Endocard i tis 

Locomotor ataxia 

Diseases of veins 

Cancer of breast 

Diabetes 

Biliary calculi 

Hernia 

Cancer not specified 

Tumor 

Briirht's disease 

Embolism and thrombosis 

Cancer of intestines 

Cancer of stomach and liver... 

Calculi of urinary tract 

Cancer of mouth 

Heart disease 

Influenza 

Asthma and emphysema 

Angina pectoris 

Apoplexy 

Cancer of ski n 

Chronic bronchitis 

Paralysis 



Years. 


Years. 


Percent. 


28 


o37 


0.4 


81 


o35 


.86 


31 


o35 


.1 


31 


34 


.5 


32 


34 


.01 


3:^ 


33 


9.9 


34 


32 


7.5 


34 


32 


.2 


34 


32 


.8 


85 


82 


.29 


85 


81 


9.2 


87 


30 


.8 


87 


80 


7 


89 


29 


.6 


42 


27 


.27 


42 


27 


.02 


43 


2G 


.6 


44 


25 


.4 


45 


25 


.1 


46 


24 


.02 


46 


a25 


.07 


46 


o2o 


.1 


47 


23 


.5 


48 


23 


.08 


48 


23 


.4 


48 


28 


.05 


49 


22 


.4 


49 


22 


.2 


49 


22 


.03 


52 


20 


.1 


52 


«21 


.6 


52 


20 


.5 


53 


19 


.65 


53 


19 


.09 


54 


19 


.9 


55 


18 


.8 


55 


18 


.002 


56 


17 


.8 


66 


17 


.17 


57 


17 


.04 


58 


ol7 


.4 


58 


16 


.8 


58 


16 


.17 


59 


16 


.27 


59 


16 


.9 


59 


16 


.08 


59 


16 


5.6 


60 


15 


.26 


60 


15 


.5 


61 


14 


1.7 


61 


14 


.03 


63 


13 


.1 


63 


13 


8.1 


64 


13 


.7 


64 


13 


.28 


65 


12 


.4 


67 


11 


4.4 


70 


10 


.2 


71 


9 


.8 


71 


9 


1 



Per cent. 


PercenL 


Years. 


85 


0.84 


0.18 


50 


.18 


.06 


65 


.06 


.02 


55 


.28 


.1 


75 


.01 


.008 


76 


7.42 


2.45 


85 


2.7 


.86 


80 


.16 


.05 


40 


.12 


.04 









80 


2.75 


.86 


60 


.18 


.06 


45 


8.15 


.94 


80 


.18 


.05 


65 


.15 


.04 









25 


.15 


.04 


85 


.84 


.09 


80 


.08 


.02 


10 


.002 


.0006 









6U 


.06 




.02 


10 


.05 


.01 









50 


.2 


.05 


70 


.03 


.007 


50 


.2 


.04 


60 


.1 


.02 


50 


.015 


.003 


10 


.01 


.002 









80 


.4 


.08 


50 


.32 


.06 


50 


.06 


.01 


60 


.54 


.1 


75 


.22 


.04 


75 


.002 


.0003 


25 


.2 


.03 


35 


.06 


.01 


40 


.02 


.003 









10 


.08 


.01 


40 


.07 


.01 


70 


.19 


.03 
















40 


2.24 


.36 























10 


.003 


.0004 









25 


2.02 


.26 


50 


.85 


.06 


30 


.07 


.009 


25 


.1 


.01 


85 


1.54 


.17 









80 


.24 


.02 


60 


.5 


.04 



' Expectation ** for females. 
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Possible prolongation of life — Continued. 



(1) 


(2) 


(3) 


(4) 


(B) 


(6) 


(7) 


Cause of death. 


A. 

Median 
age of 

deaths 
from 

causes 


B. 

Expecta- 
tion of 

life at 
median 

age. 


C. 

Deaths 
due to 
cause 
named as 
percent- 
age of all 
deaths. 


D. E-CD. 
Ratio of 
preventa- 

bTlity(po6t- Ratio of 
ponabiiity). "preventa- 
1. e., ratio of ble" deaths 
"preventa- from cause 
ble" deaths named to 
from cause all deaths 
named to from all 
all deaths causes, 
from cause 
named. 


F-BE. 

Years 

added to 

average 

lifetime if 

deaths were 

prevented 

in the ratio 

of prevent- 

ability of 

column 6. 


86. Softening of brain 


Years. 
71 
73 
74 
74 
83 


Years. 
9 
9 
8 

8 
6 


Percent. 
0.2 
0.83 
0.2 
0.26 
2 


Percent. 


10 
45 
60 




Percent 

6.08' 

0.09 
0.15 


lVar«. 


87. Diseases of arteries 


0.007 


88. Diseases of bladder 


0.007 


89. Qangrene 


0.01 


90. Old age 










All causes 


38 




100 


42.3 


042.8 


14.06 








bAsum*. 














Diseases of 'infancy (having me- 
dian age 1) 






18.5 
4.2 
48 
84.3 


47 

67 
49 
28 


8.8 
2.8 
21.2 
9.5 


4.4 


Diseases of cnlldhood (having me- 
dian age 2 to 8) 






1.61 


Diseases of middle age (having me- 
dian age 23 to 49) 






6.82 


Diseases of late life (having me- 
dian age 62 to 83) 






1.83 









All causes , 




100 


42.3 


42.3 


14.06 









•Although this is the ratio of general preventabillty of deaths under existing con- 
ditions, the death rate, i. e., deaths in relation to population, will not In the end be 
affected in this ratio but by only about 25 per cent. The reason for this paradox is that 
deaths prevented lead to a larger population (See appendix to this chapter, section 3). 

Similarly, if of the ten lines three are prolonged each a certain 
stated amount, or are prolonged that amount on the average, the 
average of the whole ten will be increased by three-tenths of this 
amount Consequently, if the saved lives from typhoid fever (No. 
24 in the table) are, on an average, prolonged thirty-eight years, and 
these saved lives represent 1.7 per cent of all lives, the average life will 
be prolonged by 1.7 per cent of thirty-eight years. This is 0.65 or 
two-thirds of a year. 

All the calculations are on the assumption of expectations of life, 
such that the saved lives will die according to the present law of 
mortality. Consequently, if the table should be corrected by sub- 
stituting in each case such an expectation of life as would conform 
to the improved mortality, the result would be an addition (2.1 
years) <» to the estimate of possible prolongation, which would there- 
fore become 16.2 years. The resume of the table shows that of 
the 14 years of possible prolongation of life 4.4 would be caused 
by reducing infant deaths under or near 1 year, 1.51 by reducing 
mortality rrom children's diseases, 6.82 from reducing the diseases 
of middle life, especially tuberculosis and typhoid, and only 1.33 
by reducing the mortality of diseases the deaths from which usually 
come after 50 years of age. 

•Best estimated graphically, as shown in appendix to this chapter. 
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The table shows that seven of the 90 causes of death are responsible 
for over half of the shortening of life, namely, diarrhea and enteritis 
(No. 7), broncho-pneumonia (No. 10), menin^tis (No. 13), typhoid 
(No. 24), tuberculosis of lungs (No. 31), violence (No. 32), and 
pneumonia (No. 38). These alone shorten life needlessly by more 
than eight years. Against these seven causes, therefore, our special 
efforts should be directed. Pure milk, pure water, pure air, and 
reasonable protection from accident are the chief means known at 
present. When the public makes up its mind no longer to endure 
impure milk, impure water, and impure air, and unreasonable dan- 
gers to life and limb, life will lengthen eight years, and probably a 
great deal more. 

In the resume of the table columns 4, 6, and 7 are found from the 
original table by simple addition. Each figure in the fifth column is 
found by dividing the fi^re in the sixth by that in the fourth.* 

The final figure in this column, 42.3, is the same as the sum of 
column 6, and means that according to medical opinion 42.3 per cent 
of the deaths which occur under present conditions are preventable 
(postponable). The death rate, however, will ultimately be reduced, 
not in this proportion, but by about 25 per cent,* while the average 
duration of life will be increased about 33^ per cent. 

Section 3. — Diagram shotoing effect of prolongation at different ages. 

The whole process is best seen by means of a survivorship table, 
a diagram of which follows: 

We have here four curves which represent the survivors in suc- 
cessive years from a hypothetical and representative list of 100,000 
persons born. The two of these curves which should be noted are 
the inner two, namely, those labeled "Mass. 1893-97" and "Pos- 
sible I." The former is taken, in lieu of any better statistics, as 
representing the existing law of mortality in the United States. The 
latter shows what the law of mortality would be if the ratios of pre- 
ventability ffiven in the preceding table were put in force. The 
curve Possible I is constructed on tne supposition that all the deaths 

Jjrevented or postponed subsequently occur according to the present 
aw of mortality ; that is, that expressed in the curve Mass. 1893-97. 
The two remaining, or outer, curves are given merely for com- 
parison. The lowest, marked " Mass. 1855," shows the mortality 
which held true in Massachusetts in that year according to the 
estimates of the actuary, E. B. Elliott.^ The difference between this 
curve and the one above shows the number of years of life actually 
saved to 100,000 persons subject to the mortality of 1893-1897 instead 
of the mortality of 1855. The upper curve (Possible II) shows the 
modification in Possible I on the assumption that the saved lives, 
instead of following the present law of mortality (Massachusetts, 

^The result is in each case a weighted average of the individual ratios of 
preventability for the individual causes of death. 

* See appendix. 

^ See Proceedings of the American Association for the Advancement of 
Science, 1857, pp. 61, 69; also Sixteenth Registration Report, Massachusetts, 
1857, p. 204. 
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1893-1897), follow the law of mortality represented in the curve 
Possible II itself.* 

This diagram shows at a glance what improvement has been made 
in mortality and at what ages, and what improvement is still pos- 
sible, and at what ages, according to the preventability known to be 
easily possible. We see that the curve. Possible I, does not drop as 
far in the first year of life as the curve Mass. 1893-97. This is 
because of the great saving of infant lives known to be possible. The 
years of life which would be saved to the 100,000 persons by the 
new hygiene are represented by the difference in area between the new 
curve AB"C"D and the old curve AB'C'D, from which it was con- 
structed by applying the ratio of preventability. This area can 
easily be measured by a planimeter, and is found to be 1,280,000, 
which, divided by the 100,000 persons, means an average addition of 
12.8 years to the lifetime of each person born. This result differs 
somewhat from the arithmetical calculation, 14.06, given in the pre- 
ceding table.^ If the upper curve be used, which assumes that the 
" saved " lives die not according to the old but the new mortality, 
the addition becomes not 12.8 out 14.9 years, as against the 16.1 
computed arithmetically. We may hereafter refer to this minimum 
estimate of possible increase of lite as, in round numbers, 15 years. 
The lengthening of life would be from 45 to 60, or one-third. 

The diagram also shows the saving of life which actually took 
place between 1855 and the period 1893-1897. The area between the 
curves for these two periods shows that 550,000 years were saved for 
a supposed group of 100.000 persons, or 5.5 per person. The whole 
area of the new curve AB"C''D is 5,810,000, or 58.1 years per person, 
which is the new average duration of life, as compared with 45.3 for 
1893-97 and 39.8 years for 1855. We may divide the diagram by 
two vertical lines drawn at the ages 17^ and 60 in order to discover 
what part of the added life occurs between these ages — that is, within 
the working period — and what parts fall on either side. The addi- 
tion of 12.8 years to the lifetime of each of 100,000 persons, or 
1,280,000 years of life in all, is divided into three groups, namely, the 
years falling in the period of preparation, 200,000; in the working 

<»The method of constructing the curves Possible I and Possible II from the 
curve Mass. 1893-97 Is by means of the ratios of preventability given in the 
r^sum^ of the preceding table. See appendix. 

* The discrepancy, 1.3 years, is due to the fact that in constructing the table, 
based on individual diseases, I was compelled to use for the percentages of 
deaths by ages (column 4) the percentages obtaining in the calendar year 190C; 
whereas the diagram is based on the idea of a stationary population, the dis- 
tribution of the deaths being represented by the shape of the curve Mass. 
1893-97. The diagramatic method is therefore more correct. The abnormal 
age distribution in 1906 results in making some of the figures in the last column 
of the table too large and some too small. In a general way, the figures for 
the earlier ages are too large and for the later ages too small, although the 
figures which are most too large are probably for ages 30 to 35. Consequently 
the greatest error in excess is for tuberculosis, which is possibly three-fourths 
of a year too large. No exact corrections are possible, and any systematic 
corrections, even inexact, would be very laborious. This would correspond to 
the elaborate actuarial calculations of Hayward in England and Glover in 
the United States. See Hayward ** On the Construction of Life Tables and on 
Their Application, etc." Haydock and J. W. Glover, "A Study of Tuberculosis 
in the United States," Journal of Michigan State Medical Society, February, 
1909. 
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period, 680,000; in the period of decline, 400,000. 
table will show the whole process: 
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The following 





Preparatory 

period (ages 

0-174). 


Working pe- 
riod of life 


Period of de- 
cline (60 and 
beyond). 


TotaL 




Years 
of life. 


Per 
cent of 
total. 


Years. 


Per 
cent 


Years. 


Per 
cent. 


Years. 


Per 
cent 


MaM. 1856 


12.6 
13.5 
15.4 


82 
80 

26 


21.9 
25.0 
81.8 


55 
65 
66 


6.8 
6.8 
10.9 


18 
16 
19 


89.8 
45.8 
68.1 


100 


Man. 1893-97 


100 


Possible I 


100 







These figures show that in 1855 the average person born lived only 
12.6 years of the 17^ years in the period of preparation for life. In 
1893-97 he lived 13.5 years. If modern hygiene were applied accord- 
ing to the ratios of the assigned preventability, the figure would then 
be 15.4 years actually lived out of the 17^. Of the working period of 
42^ years (17^60, the average man living under the mortality of 
1855 had only about half, or 21.9 years; under the mortality of 
1893-97 he had 25.0. and under the " Possible I " mortality he would 
have 31.8 years. 

In percentage the years in the working period remain 55 per cent 
of the total lite in all cases. This assumes that with the prolongation 
of life the limits of the working period remain 17^ and 60. Since 
the prolongation of life carries with it a postponement of the age of 
disability, it follows that the proportion of working life would 
actually increase.** 

It will be seen in comparing the curves on the diagram that the 
change wrought in the character of the mortality curve by the new 
hygiene simply continues the change already in progress. The family 
resemblance between all four curves is striking. 

Section 4. — Fifteen years a safe minimum estimate of prolongation possible. 

The estimate of fifteen years as the possible prolongation of life 
is merely a minimum estimate. This will be seen from the following 
important considerations: 

1. The estimate takes no account of future medical discoveries, 
which, are now coming at such a rate that we have every reason to 
believe they will soon greatly increase the ratios of preventability. 
Cancer, for instance, has been put down with zero as its ratio of pre- 
ventabilityj but the scientific world is intently seeking for methods 
of prevention and cure. Likewise " old age has been assumed as 
unpreventable. Yet Metchnikoff maintains with reason that this 
is a malady which can be postponed. 

2. The ratio of preventability of the above diseases takes little 
account of the cumulative influence of hygiene. Certain diseases late 
in life are now taken to be unpreventable or only slightly prevent- 
able on the assumption that people reach those ages in their present 
degree of more or less imperiect health. But on the assumption that 
personal hygiene had been practiced since birth, the vital resistance, 
which is always a deterrent of disease, would have been strengthened. 

« See Dr. Edward Jarvls, " Political Economy of Health," Fifth Annual Re- 
port, Mass. Board of Health, 1874, p. 838, ff. r^ T 
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Professor Sedgwick tells us that evidence will be published demon- 
strating " Hazen's theorem," that every life saved from typhoid by 
better water supply means two or three persons saved from deaths 
from other causes. Our table shows an estimate of at least 85 per cent 
as the preventability of typhoid, but the coincident preventability of 
other diseases which this prevention of typhoid would bring about 
finds no place in tlie table. The individual estimates given for these 
other diseases? take no account of such indirect action. Similarly, 
as Metchnikoff has emphasized, venereal diseases, though they sel- 
dom cause death, do shorten life, the " terminal disease '^being auite 
different The same is true of malaria and hook-worm disease, which 
predispose to tuberculosis and other terminal diseases. But in the 
table the ratios of preventability of tuberculosis and other diseases 
were constructed quite irrespective of any effect from reducing 
venereal diseases, malaria, and other devitalizing diseases. 

In the matter of personal hygiene the cumulative influence is still 
more indirect, and perhaps stnl more powerful. It is now often 
remarked by insurance men that the best risks are not necessarily 
the best physiques, but may be the valetudinarians who practice per- 
sonal hygiene. 

There is a vicious circle of disease and a beneficent circle of health. 
The so-called " cause of death " given in death certificates is only the 
terminal cause. It is often merely the " last straw " of a terrible load 
gradually accumulated through life. 

Evidently, to exploit the resources of hygiene, we need to consider 
a thoroughgoing change in health ideals and a consequent revolu- 
tion in the conditions and habits of living. What would then happen 
to human longevity we can only conjecture. The possible addition 
to the life span mi£:ht, for aught we know, be several times the fif- 
teen years in the table. 

3. The figures for the possible prolongation of life take no account 
of the ultimate racial effects of the new health ideals. If once a 
nation becomes thoroughly alive to the importance of maintaining 
the stamina of its citizens, this will, as we have seen, affect mar- 
riages — by putting a premium on health as one of the desiderata in 
a prospective husband or wife. The longevity of succeeding genera- 
tions would certainly be improved — ^how much, it would be useless 
to guess. 

The foregoing considerations, added to the fact that the estimates 
of preventability were made conservatively, will show that the addi- 
tion of fifteen years is really only a first step. If clean milk will 
prevent infantile diarrheal diseases, if clean water will prevent 
deaths from typhoid and at the same time — according to Hazen's 
theorem — prevent two or three times as many other deaths, and if 
clean air will prevent tuberculosis, then it is evident that mere 
cleanliness in respect to these necessities will suffice to lengthen life 
by most if not all of the above estimate. Fifteen years is merely the 
" ore in sight." If we will work for it, we may get an even richer 
prize. 

Within the past few years the knowledge of the causes of disease has become 
so far advanced that it is a matter of practical certainty that by the unstinted 
application of known methods of invesigation and consequent controlling action, 
all epidemic disease could be abolished within a period so short as fifty years.* 

«B. Ray Lankester, "The Kingdom of Man," New York (HolU^ 1907, p. 8a 
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Section 5. — VeeA of lengthening human life. 

If Metchnikoff's noble dream should be some day realized, the 
lengthening of human life would at once decrease the burden on the 
productive period. That period tends to remain 55 per cent of the 
total years lived, on the assumption that the working period remains 
17^ to 60, but the upper limit tends to shift forward. In this wav, 
both the absolute and relative length of the working period would 
be increased. 

The further off the burden of old age is shifted, the easier it is 
for society or the individual to accumulate the wealth to provide for 
it. At present the burden of helpless old age is extremely serious, 
as those countries are beginning to realize which, like benmark, 
Belgium, Germany, France, and recently England, have enacted laws 
to provide old-age pensions. 

As life becomes more complex it requires a longer period of prepa- 
ration. Preparation is education, and requires time. As the stock 
of knowledge increases, the period for acquiring it, or rather only 
enough of it to enable one to earn a livelihood, is constantly tending 
to increase. The age of leaving school and college is presumably 
growing greater. 

It would be very much in keeping with the fitness of things if in 
this century biological science practically applied should shift the 
limit of the further end of the working period, the limit which we 
have assumed to be 60, to a later period of life. Human life would 
then be on a larger scale throughout. It would provide time for a 
longer and more thorough preparation and at the same time provide 
sufficient years of working life to repay this investment. 

As Metchnikoff* well points out, one result of lengthening life 
will be a greater utilization of accumulated experience. We shall 
have less immaturity of judgment. The principle which leads tb 
the choice for members of the judiciary oi men of ripe years and 
knowledge will apply to every field of human activity, even those fields 
which are now preempted by young men because of the necessity 
of utilizing their vitality. It will lead to a sane and yet a vigorous 
conservatism. It will give to society a body of old yet hale men of 
experience, whose influence and worth can not be measured. As 
Metchnikoff has said : 

Old age, at present practically a useless burden on the community, will become . 
a period of work valuable to the community. As the old man will no longer 
be subject to loss of memory or to intellectual weakness, he will be able to 
apply his great experience to the most complicated and the most delicate parts 
of the social life.* 

We may predict that when science occupies the preponderating place in human 
society that it ought to have, and when knowledge of hygiene is more advanced, 
human life will become much longer and the part of old people will become much 
more important than it is to-day.*' 

Section 6. — The normal lifetime. 

What is the normal human lifetime? * Many estimates have been 
made, based on all sorts of reasoning, the figures extending from 75 

« Prolongation of Life, p. 329. 

* Nature of Man, p. 295. 

« Metchnikoff: "Prolongation of Life," pp. 22ft-227. 

*On the topic of human longevity, see Metchnikoff: "The Prolongation of 
Life," Pt. II, Chaps. I, II. Shaler : *• The Individual," New York ( Appleton ) , 1901, 
Ohap. III. Lankester: " Ck)mparatiye Longevity," London, 1870, pp. 88-119. 
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to 200 years. Flourens's law, of doubtful value, that a mammal lives 
five times the length of its growing period, can not be applied gener- 
ally. It is true, the horse full grown at 5 may live 25 years; sheep 
adult at less than 3 years may live 12 ; while elephants, which have an 
unusually tardy development, are reputed to have a lifetime of 2 
centuries. 

Haller, a distinguished Swiss physiologist of the eighteenth century, thought 
that man ought to Uve to 200 years; Buffon was of the opinion that when a 
man did not die from some accident or disease he would reach 90 or 100 years.<* 

In man the growth period is normally continued to some time after the 
twentieth year ; Its exact limit has not been ascertained, but from the statistics 
gathered by the Sanitary Commission during the civil war it seems most likely 
that it is not usually completed until after the thirtieth year.* 

One method which has been suggested to ascertain the natural 
length of life is to suppose all diseases to be completely eliminated 
and those who now die of them to die of old age. The median age 
for death from old age is 83. Metchnilcoff, however, shows the error 
of assuming present old age to be normal. We may conclude that 
the normal life exceeds 83. 

There must needs be, of course, a limit to the possible prolongation 
of life. We find in recent times few authenticated cases of persons 
who have lived for a hundred vears. As Young, former president of 
the British Actuarial Society, Tias shown in his interesting book ^ on 
centenarians, most cases of supposed centenarians are either cases of 
conscious or unconscious exaggeration or of error in records. For 
instance, the Countess of Desmond is said to have lived 130 years, 
owing to the confusion of two persons of the same name, one of whom 
lived to be 100 years old, while the other, her mother, died at 30, and 
their lives were combined in subsequent records. There are, however, 
some authenticated cases. Thus, the Norwegian Drakenberg was 
bom in 1626 and lived until 1772, aged 146. " He was married when 
111 years old, and as a widower of 130 proposed to marry again, 
although without success."* 

At Portland, Oreg., Mrs. Mary L. Wood died recently at the age 
of 120 years and under circumstances which permitted the authenti- 
cation of her case by the Oregon Historical Society. From these and 
from other cases which might be mentioned, we may conclude that 
if to-day, notwithstanding all existing chances of death, it is possible 
for some persons to live beyond 120, the chances in the future for a 
larger proportion of such persons will be materially improved. 
Whether this proportion could ever become the major part we have 
as yet no means of knowing. What is needed is study, and Metchni- 
koff is right in believing that the study is well worth while from 
every point of view. 

Appendix to Chapter XI. — Method of computing possible prolongation of life. 

Section 1. — "Expectation " at median agea a$ $hort cut to average expectation*. 

The table given In Chapter XI Is briefly described in the chapter Itself. The 
following additional explanations are made in regard to the statistical method 
employed : 

« Metchnikoff, " Prolongation of Life," p. 84. 
* Shaler, loc. cit., p. 61. 

cT. E. Young: "Centenarians," I^ndon (C. & E. Layton), 1899. 
<* See article by Harald Westergaard, (British) Eiconomlc Journal, VoL IX, 
1899, p. 815. 
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The third column, givliig the expectation of life which is lost or cnt off by 
each particular cause of death, is estimated roughly by taking the expectation 
of life pertaining to the median age reached by those who die from the cause 
named. This expectation of life is taken from the Massachusetts Life Tables, 
1893-1897.« 

The method of using the median age is sufficiently exact in view of the inexact, 
or rather, safe, minimum estimates of preventabillty given in column five. A per- 
fectly correct method would be much more laborious. Hayward*s monograph 
on the effect on the duration of life of eliminating only one disease (tubercu- 
losis) requires 190 pages of calculation. The true method consists in averaging 
arithmetically and weighting these averages according to the number dying at 
the various ages. Si>ecimen computations show that the error involved by the 
short cut is not great. 

Thus, for tuberculosis it is found that the average expectation of life lost 
by consumptives dying in 1906 was 32 years, whereas the expectation of life 
at the median age was 33 years. The former figure Is a hundredfold more diffi- 
cult to compute than the latter. Even the former is not strictly correct, since 
it applies to the deaths by ages as distributed in 1906, and not as distributed in 
a "stationary" population. 

Skction 2. — B<ui9 of estimates of preventaUlity. 

The estimates of preventabillty given in column 6 need special explanation. 
In- a few cases, these estimates are based on statistical experience.^ 

The great majority of them are based on clinical experience merely, without 
any exact statistics. They are thus in the nature of expert guesses. The 
experts in all cases are physicians. I have not entered any estimate of my 
own, unless item No. 36 might be so designated. This item is the residuum of 
deaths from unknown causes, or lll-deHned causes, and is made up to a large 
extent of cases not properly reported in the death certificates. Inasmuch as the 
average preventabillty for all other causes in the table is over 42 per cent, it 
seemed safe to assign to deaths from these unknown causes a ratio of pre- 
ventabillty of 30 per cent. But even if the preventabillty were entered as 0, 
the effect in reducing the result would be less than a year. 

Those who gave to the construction of these estimates the benefit of their 
experience, observations, and reading were especially asked above all to be con- 
servative. In order to avoid any possibility of exaggeration of their estimates 

o S. W. Abbott, M. D. : " The vital statistics of Massachusetts for 1897, from 
the thirtieth annual report of the state board of health of Massachusetts." 
The expectation is taken as the average of the expectations for males and 
females. 

* In addition to the data in regard to special diseases discussed in the text, 
other pertinent material has been taken Into account by those who made the 
estimates presented in the table. For Instance, from smallpox In London in 
.1901-2 the mortality was 34.6 per cent among the unvacclnated, 20.9 per cent 
among those vaccinated after the disease was apparent, and 10.3 per cent where 
there was protective vaccination. In Gloucester in 1895-96 the mortality among 
the unvaccinated was 40.8 per cent and among the vaccinated 9.8 per cent. For 
children under 1 year the unvacclnated had a mortality of 72 per cent, while 
the vaccinated were not attacked. From cerebro-splnal meningitis the average 
mortality was 70 per cent (Holt) ; the mortality under serum treatment was 25 
per cent (Flexner and Jobllng). For typhoid fever, Koch and his assistants 
stamped out the disease in Trier by isolation of the infected persons and dis- 
infection. (Osier, The Practice of Medicine, sixth edition.) This would prob- 
ably be impracticable to such an extent in a city on account of the great expense 
involved and the difficulty of detecting the bacillus carriers. Other figures for 
typhoid fever are given in the text. For diphtheria in New York City in 1889- 
1891 we find the mortality was 37.3 per cent, while in 1902-1904 the mortality 
was 10.8 per cent. The board of health began to use antitoxin in 1895. These 
facts were furnished by Professor Blumer. Many data on preventabillty are 
given by John C. McVail In The Prevention of Infectious Diseases, New York 
(Macmlllan), 1907. See especially pages 16-19. Doctor Stiles, of the Public 
Health and Marlne-nos|iital Service, is soon to publish figures showing the 
absolute preventabillty of hook-worm disease, a malady prevalent in the South, 
but not entering into the census tables. These tables do not cover the Southern 
States. 
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in the table their average was taken, and then the estimate, as entered in the 
table, was taken either as that average or below it In no case was the estimate 
entered as above the average given. When, as was true in a large proportion 
of cases, the different estimates agreed fairly well, the average was employed, 
or rather the nearest figure ending in 0, or 5 next below the average. If the 
individual estimates diverged widely, an estimate was used below the average, 
favoring the conservative estimators rather than the optimistic Also in cases 
where only a few estimates were obtainable, the estimate as entered was put 
below the average of those given. 

In estimating the percentage of preventability for all the ninety causes of 
death, 18 estimators contributed. The number of estimates of preventability 
for each cause averaged nearly eight for each cause of death. It will be seen, 
therefore, that the table represents in a conservative way medical opinion as to 
the preventability of disease. The physicians who contributed these estimates 
are : Dr. Joseph M. Flint, professor of surgery, Yale Medical School ; Dr. George 
Blumer, professor of the theory and practice of Medicine, Yale Medical School ; 
Dr. H. L. Swain, clinical professor, Yale Medical School ; Dr. Oliver T. Osborne, 
professor of therapeutics, Yale Medical School ; Dr. J. H. Townsend, secretary 
of Connecticut state board of health ; Dr. F. W. Wright, health officer of New 
Haven ; Dr. Norman E. Ditman, of Columbia University ; Dr. Cressy L. Wilbur, 
Chief of Division of Vital Statistics, Bureau of the Census ; Dr. L. O. Howard, 
Chief of Bureau of Entomology, Department of Agriculture; Dr. William C. 
Woodward, chief health officer of District of Columbia ; Dr. Charles V. Chapin, 
city health officer, Providence, R. I. ; Dr. Henry B. Baker, ex-secretary Michigan 
state board of health, ex-president American Public Health Association ; Dr. 
J. H. Kellogg, superintendent of the Battle Creek Sanitarium; Dr. Charles H. 
Castle, of Cincinnati, Ohio; Dr. Harry M. Steele, of New Haven, Conn.; 
Dr. L. Emmett Holt, of New York ; Dr. Edwin O. Jordan, of the Memorial Insti- 
tute for Infectious Diseases, Chicago, 111. ; Dr. Prince A. Morrow, president of 
the American Society for Sanitary and Moral Prophylaxis. 

Bbction 8. — Meaning of " preventable." 

The meaning of the word " preventable " requires some explanation. 

1. It is to be noted that column 5 gives the ratio of preventability for mor- 
tality and not for morbidity. It means ratio of preventable deaths to all deaths, 
not to all cases of Illness. 

2. Since the word " preventable " Implies the hypothesis of different conditions 
from those which actually exist, it Is necessary to specify what hypothetical 
conditions shall be Implied in the term. Doubtless tuberculosis would be over 
99 per cent preventable If we should conceive as our hypothetical conditions that 
every individual could live on the prairies of the West, out of doors, be provided 
with the best of food, most congenial of tasks, and free from overwork and 
worry. Needless to say, the figures in the table do not imply such Utopian con- 
ditions, nor do they imply new medical discoveries. One hundred per cent of 
every disease might be preventable if we conceived as our hypothesis that the 
means of prevention are known and applied.. The hypothetical condition 
selected for the meaning of the term ** preventable'*' Is contained In the following 
definition : A ** ratio of prcventahility " is the fraction of all deaths which 
would he avoided if knowledge now existing among well-informed men in the 
medical profession were actually applied in a reasonable way and to a reason- 
able extent. The term " reasonable " is of course elastic, and will be somewhat 
differently interpreted by different persons, but, as in law, where " reasonable 
care" is often used as a proviso, it Is Impossible to make any more si)eclfic 
condition. 

3. Considerable confusion exists In the minds of many people in regard to the 
number of deaths which mijcht be prevented, or, as it Is popularly expressed, 
the number of lives which might be saved. Since death is ultimately inevitable 
for all, no life can be saved except temiKjrarlly. It will serve to avoid confusion 
if " preventable " Is explained as " posti)onable.'* The question arises when 
deaths are postponed. How long are they postiwned? The answer is. They are 
supposed to occur according to existing rates of mortality. Thus, those saved 
from croup (No. 12) at age 2 will later die as do others who are living at age 2, 
and will therefore have the expectation of life (54 years) pertaining to that age. 

4. The above explanation will serve to meet an objection which otherwise 
would immediately occur to the reader. If diseases of early life are prevented, 
the result will necessarily be an Increase of the diseases In later life. For 
Instance. If all the causes of death could be abolished except old age, there 
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would be a great increase in the number of deaths from old age, which. Instead 
of constituting the 2 per cent of all deaths, which it does at present, would con- 
stitute 100 per cent 

But the fact that all lives saved will add to the later mortality is fully, and 
more than fully, taken into account in our calculations. When we assume that 
certain lives now lost at a given age might be saved, we also assume that they 
would not be saved again (even from the same disease), but would die off 
according to the old rates of mortality at successive ages. Their new lease of 
life would simply be the old expectation of life. As a matter of fact, lives now 
lost could probably be saved, not only once, but several times. 

We may here explain the paradox mentioned in the text — ^namely, that a 
preventability of 42.3 per cent of deaths under present conditions does not imply 
that the death rate would ultimately be reduced 42.3 per cent 

The death rate would ultimately depend on conditions of the distribution 
of ages and diseases entirely different from those now prevailing. This will 
be clear if we think what would happen if the preventability expressed in the 
table could be immediately applied. During the ensuing year it would be found 
that about 42 per cent of present deaths would not occur. A consequence of 
this, however, would be that the persons whose lives were prolonged would die 
at a later period, since no death is absolutely prevented, but only postponed. 
Even if 100 per cent of all deaths were prevented (postponed), but the post- 
ponement were for a very short time, the effect in reducing the death rate 
would be extremely small. On the other hand, if only 1 per cent of the prevent- 
able deaths were postponed for a sufficiently long time, the ultimate effect would 
be to reduce the death rate much more than 1 per cent After the deaths 
which had been postponed had reentered, a new equilibrium would be estab- 
lished. Under these new conditions the ratio of the deaths to the population 
would not be 42.3 per cent lower than at present but only about 25 per cent 
At present the average duration of life, taken from the Massachusetts table 
for 1893-1897, is about 45 years. The ratio of preventability in the above table 
would increase this life by about fifteen years, making it 60 years. The ratio 
of 45 to 60, showing the increase in the life span, will be the inverse of the 
ratio 60 to 45 in a " stationary " population, which would show the resulting 
reduction in the death rate. This is a reduction of 25 per cent Thus the pre- 
ventability of 42.3 per cent of deaths under present conditions and in the man- 
ner indicated in the table involves a lengthening of life of 33| per cent and a 
reduction of the death rate, after readjustment of deaths by ages, of about 25 
per cent. 

Sbction 4. — Error from abnormal age dMributUm of deaths in 1906. 

The table as given is constructed for deaths occurring in the calendar year 
1906. Its interpretation, however, is to be made on the basis of a survivorship 
table. In a stationary population the age distribution of deaths in any year 
would be the same as in a survivorship table; but since the United States has 
not a stationary population, this identity holds only approximately. 

The discrepancy accounts for the difference of one and three-tenths years in 
the prolongation of life, as calculated in the table and by means of the dia- 
gram. The latter is the more correct as it is based on a survivorship table, 
or — ^what amounts to the same thing — on such mortality as would exist in a 
stationary population. The only way in which this diagram can be vitiated 
by the slightly abnormal age distribution of deaths in the year 1906 is as this 
abnormal distribution affects the average ratios of preventability used In con- 
structing the diagram. These ratios are based on column (5) of the r^sumC 
of the table. The four figures from the table are adjusted by graphic interpola- 
tion in the usual way, so as to form a continuously varying series of figures for 
successive years of life. These ratios are in each case an average of the indi- 
vidual ratios for particular diseases, contained In the same column (5) of the 
larger table. The " weights " are slightly vitiated by the fact that the age dis- 
tribution of deaths in 1906 is not the normal distribution of a stationary popula- 
tion. It is only as the " weighting " is thus affected that the diagram can be 
vitiated through our being forced to use the figures for 1906 instead of those 
for an ideal stationary population, since such figures are unobtainable. The 
error from this source is infinitesimal, and we may depend on the results of the 
diagram, 12.8 to 14.9 years, as practically free from any appreciable error due 
to the use of short-cut methods. 

7253^— S. Doc. 676, 60-2, vol 3 47 
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Sbction 5. — BaiioB of preveniaMliiy by nges derived from ratios of diseases. 

In regard to the r^sum^ containing the average ratios of prev^itability hold- 
ing true during diiTerent ages, it will be observed that they are obtained indi- 
rectly, by calculating from the individual ratios of preventability for different 
diseases given in the table Itself. Although these diseases are not absolutely 
limited to the times within which their median falls, there is a fairly distinct 
line of demarcation between the groups, especially between children's diseases 
and those of middle life. The table shows no disease with a median age of 
incidence between 8 and 23 years, and the census table of deaths for 1906 shows 
that a very small percentage of the total deaths occur between ages 10 and 20. 
Even if the diseases considered for the four epochs of life given in the r6sum6 
did extend somewhat into the regions of the adjacent epochs, the effect would 
not change the result appreciably and would be as likely to change it in one 
direction as the other. The reason is that the items of the column in the 
r6sum6 for "ratio of preventability" are obtained by dividing the figures in 
column 6 by those in column 4, each of these two being found by adding the 
individual figures in the table for each age group concerned. The extension 
of diseases of an age group outside of that group will apply equally to both 
terms of the ratio, those in the fourth and sixth columns, and will not substan- 
tially affect the quotient in the fifth column. 

Section 6. — Allotcance for toeahness of prolonged lives. 

The use in column 2 of the expectations of life derived from the Massachu- 
setts 1893-1897 life table is equivalent to the assumption that if preventable 
deaths were prevented the lives thus saved would proceed to die off according 
to the mortality of Massachusetts, 1893-1897. This assumes that since 1893-1897 
there has been no improvement in the expectation of life, and that the saved 
lives will not share in the improvement which the table itself shows forth. The 
reason that a later life table than for 1893-1897 was not used is that no lata: 
life table is available. If it were, it would show larger figures in column 2, 
and consequently a larger total result for the possible prolongation of life than 
fourteen years. 

The reason the " expectation " in column 3 does not take account of the effect 
of the improvement in mortality resulting from the table is that this improve- 
ment can not be calculated until column 3 is filled, and we prefer to use as a first 
approximation a conservative figure in column 3, rather than to guess at more 
likely figures. The conservative assumption used seems also advisable, because 
of the fact that In the 42.3 per cent of persons in the life table who would be 
saved from death and given a new lease of life there would be suffered a greater 
mortality than that of the average persons that now pass that age in safety, 
for — on the principle of the survival of the fittest — it is intrinsically probable 
that those who now die at any age are weaker than those who do not. 

How much allowance should be made for this factor of differential mortality 
it is impossible to say with certainty. But in another pa|)er<» I have dealt with 
the same question applied to tuberculosis. Taking the figures of Dr. I-Awrason 
Brown, giving the mortality experience among the apparently cured cases of 
tuberculosis discharged from the Adirondack Cottage Sanitarium, and making 
certain allowances, it seems that if tuberculosis were prevented its present vic- 
tims would have more than three-fourths of the expectation of life belonging to 
others. Let us assume that this ratio is equally conservative as applied to all 
other cases of prolongable life. Now, it so happens that the expectation of life 
at birth in the Massachusetts life table of 1893-1897 is almost exactly three- 
fourths of the expectation which our table and diagram shows would be possible 
if prevention were properly practiced. This would give 45 years as the expecta- 
tion of life at birth for the saved lives, 61 for other lives, and 59 for all lives. 
Surely this seems sufficient allowance for the existence of any possible inferior- 
ity among the lives which would be saved. 

Section 7. — Diagram "Possible I," making this €Ulowance, compared with "Possible 11," 

omitting it. 

If no allowance for inferiority among saved lives were necessary, the results 
of the calculation given in the table would be only a first approximation and 

« "The cost of tuberculosis in the United States and its reduction," read before 
the International Congress on Tuberculosis, 1908. 



Digitized by 



Google 



FiBHKuJ NATIONAL VITAMTY. 789 

would need to be followed by snccessive and closer approximations. We can get 
much quicker results by means of the diagram and a planlmeter. 

If we apply the ratios of preventability for these four groups, we are able to 
construct the new survivorship table on the basis of Mr. Abbott's for 1893-1897. 
All that is necessary Is to begin the new survivorship table at the same point 
that the old begins, and continue from that point and every other point through- 
out its course by the following procedure : Through the point draw a line down- 
ward and to the right for one year, at the same percentage slope as Abbott's 
table shows for that year. This line indicates what survivors there would be if 
their mortality were not affected at all by the ratio of preventability. The 
deaths during that year would be represented by the drop of the curve within 
the year. Next, taking the proper fraction of this drop, as indicated by the 
ratio of preventability, we pass vertically upward this amount from the end of 
the line, and from the new point so obtained proceed in like manner for each 
subsequent year. The result is a series of teeth the upper points of which are 
points on the required curve. Joining these points, we obtain the curve. This 
process explains the theory. This gives the table called '' Possible I," and takes 
full account of the fact that the ratios of preventability continue to apply to 
saved life as much as to other life. The table " Possible I " represents the sur- 
vivorship table, under the assumption that the lives saved once are given no 
further advantages, but follow thereafter the old law of mortality, that for 
189a-1897. 

Section 8. — Reciprocal relation heiween Umgevitv and mortality shown hy diagram. 

We may take this opportunity to explain, for the benefit of the general reader, 
the reciprocal relations existing between the death rate in a stationary popula- 
tion and the average duration of life. Consider the diagram " Massachusetts, 
1893-1897." It shows the life history of 100,000 persons bom. Let us suppose 
a community unaflfected by emigration or immigration, and In which there are 
100,000 births each year. Let us suppose, further, that the 100,000 persons born 
each year die afterwards according to the law of mortality represented by the 
curve " Massachusetts, 1893-1897." Evidently in such a community there will 
not only be 100,000 births, but there will be 100,000 deaths each year, and the 
population will be stationary. It will also be true that the same diagram can 
be taken to represent the age distribution of this stationary population^ Thus, 
those living at age 10 will be the survivors of the 100,000 born ten years ago, 
and the number of such survivors is the ordinate of the curve at 10 years. 
Thus, every ordinate of the curve represents not only the survivors to a certain 
age out of 100,000 births, but also represents the number in the population at 
that age. The area of the curve therefore represents total population (when 
regarded as made up of vertical sections). It likewise represents the total 
number of years lived by 100,000 persons (when regarded as made up of hori- 
zontal sections). Now, the death rate is the ratio of deaths to population — 1. e., 
the ratio of 100,000 to the area of the curve. The average duration of life is 
the total years lived by 100,000 persons divided by 100,000— that is, it is the 
area of the curve divided by 100,000. These are clearly reciprocals. 

Chapter XII. — The money vah^ of increased vitality. 
Section 1. — Money appraisal of preventable wastes. 

Estimates of the monev value of preventable wastes depend on the 
valuation of human life, of which several appraisals have been 
attempted. 

Prof. J. S. Nicholson estimated that in Great Britain human labor 
capitalized was worth five times all other capital.® 

Engel computed that each child costs 100 marks at birth, 110 marks 
the first year, 120 the second, and so on. At 20 he will have cost 
2,310 marks, or $560. But one-half die before 20. Hence each per- 
son who reaches the age of 20 actually costs society much more ftian 
$560; possibly as high as $1,000, if Engel's estimates are correct 
Professor Mayo-Smith estimated that men and women between the 

«See "The Living Capital of the United Kingdom" (British) Bkionomlc 
Journal, 1891. nn^r^n]o 
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ages of 15 and 45 averaged $1,000 in value.* As to the value of immi- 
grants to this country, he says: "Every immiCTant must represent 
labor value with at least the value of a slave. It is figured that each 
immigrant is worth $875." ^ 

The best method of estimating the economic value of life and its 
increased duration is by the capitalization of earning power. Dr. 
William Farr, of England, has estimated that a baby bom to an 
English agricultural laborer is worth in capitalized earning power 
about £5, or $25. This is the discounted value of its future earnings 
estimated on its probable life less -the discounted value of the cost 
of rearing it durmg the period of dependence and of maintaining 
it when helpless through old age. In the same way he estimates the 
value of a life at other ages — 10 years, 20 years, 50 years, etc.<^ 

In lieu of any estimates for the United States we may take Farr's 
figures for agricultural laborers as representing, roughly, the rela- 
tive worth or a man or woman in the United States. To obtain the 
absolute figures, therefore, we need simply to multiply these of Farr 
by a constant factor representing the ratio between the average earn- 
ings in the United States and the earnings which Farr uses as the 
yearly income of an agricultural laborer. 

We take, in the absence of any good statistics, $700 per annum as 
a guess, but a safe minimum * for the average earnings of workers of 
all grades, from day laborers to railroad presidents. This assumes 
that all of the working years are actually employed in work. But 
since about one- fourth of the persons of working age are not workers, 
but are supported (for the most part) by earnings of capital, the 
average should be cut down to three- fourths of this figure, or $525. 

Sul&tituting this figure for the £31 in Farr's table, we can recon- 
struct it to represent the minimum worth of the average American 
life at different ages. The following figures are taken from the 
table thus computed : 



Age. 


Net 

worth of a 

person, in 

dollars. 


Age. 


Net 

worth of a 

person, In 

dollar*. 





90 

950 

2,000 

4,000 


30 


4 100 


6 


60 


2,900 


10 


80 


—700 


20 











From the table from which these figures are taken it is possible to 
base minimum estimates for (1) the average economic value of the 
inhabitants of the United States by using the census figures for age 



« Mayo-Smith, Statistics and Sociology, p. 177. 

* Mayo-Smith, Emigration and Immigration. 
<> See Farr, " Vital Statistics," p. 536. 

* See Fisher " Cost of tuberculosis," read before the International Congress 
on Tuberculosis, Washington, 1908. This is the estimated minimum used in 
my paper on the " Cost of tuberculosis." The calculations are based on $1 a 
day as the ordinary minimum earnings of unskilled labor, and assume a dis- 
tribution of a number of earners of high amounts according to the scale of 
distribution which Professor Pareto finds fairly uniform in form, although not 
in amount In various countries. The late honorable Carroll D. Wright, whose 
opinion is worth more, probably, than that of any other man in the United 
States, stated that he would not Yegard $1,000 as excessive. The figure is 
Intended to include the earnings of women (including hoosewiyes as earners). 
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distribution of population; this calculated average is $2,900; (2) the 
average economic value of the lives now sacrificed by preventable 
deaths, using the age distribution of deaths, and the percentages of 
preventability ; this calculated average is $1,700. 

The first figure shows that what might be called the vital assets of 
the United States for the population of over 85,500,000, as estimated 
by the census of 1907, amount in value to 85,500,000X$2,900, or 
$250,000,000,000, which, though a minimum estimate, greatly ex- 
ceeds the value of all other wealth ; « the second figure enables us to 
estimate the needless waste of our vital assets. 

If we take the estimate of Professor Willcox of the death rate in 
the United States, as at least 18 per 1,000 for the 85,500,000 persons 
estimated by the census as the population of the United States in 
1907, we have 1,500,000 as the number of deaths in the United States 
per annum. Of these 1,500,000 deaths, 42 per cent, or 630,000, are 
annually preventable or postponable. Since each postponement 
would save on the average $1,700, the national annual unnecessary 
loss of capitalized net earnings is 630,000 X $1,700, or $1,070,000,000, 
or about $1,000,000,000. 

We saw in Chapter III that, with our present population, there 
are always about 3,000,000 persons in the United States on the sick 
list For the most part these persons are older than the average. 
Farr gives a table ^ showing that morbidity increases with age in 
geometric progression. By means of his table we may calculate on 
ttie same basis as the previous calculations — ^that of the 3,000,000 
sick, very close to a third, or 1,000,000 persons, are in the working 
period of life. Assuming that average earnings in the working 
period are $700, and that only three-fourths of the one million poten- 
tial workers would be occupied, we find over $500,0(30,000 as the mini- 
mum loss of earnings. 

The cost of medical attendance, medicine, nursing, etc., is con- 
jectured by Doctor Biggs in New York to average for the con- 
sumptive poor at least $1.50 per day of illness. The cost per day of 
other illnesses than tuberculosis is presumably greater, and also the 
cost per day for other classes is higher than for the poor. Applying 
this to the 3,000,000 years of illness annually experienced, we should 
have $1,500,000,000 in all as the minimum annual cost of this kind. 

The statistics of the Commissioner of Labor ^ show that the average 
expenditure for illness and death amount to $27 per annum. This 
is for workingmen's families only. But even this figure, if applied 
to the 17,000,000 families of the United States, would make the total 
bill for caring for illness and death $460,000,000. The true cost may 
well be more than twice this sum. Certainly this estimate is more 
than safe and is only one-third of the sum obtained by using Doctor 
Biggs's estimate. 

The sum of the costs of illness, including loss of wages and cost of 
care, is thus $460,000,000+$500,000,000, or $960,000,000. 

The above estimate is a general one for all ilhiess. It would be 
possible to offer figures for the particular losses from particular dis- 

« Mr. Le Grand Powers, of the Bureau of the Census, Washington, estimates 
that the total wealth in America (exclusive of human beings) amounts to 
$107,000,000,000. 

» Vital Statistics, p. 510. 

« Eighteenth Annual Report, 1903, p. 509. 
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eases. Thus, from tuberculosis, the gross loss of earnings by illness 
and of potential earnings cut off by death, together with the expenses 
of illness, etc., amount to over $1,000,000,000 per annum.* 

Of the sum mentioned, the loss to tne consumptives themselves 
amounts to over $660,000,000, leaving $440,000,000 as the loss to other 
members of the community. At least three-fourths of these costs 
are preventable. Dr. George M. Kober thinks it is conservative to say 
that the annual cost of typhoid in the United States is $350,000,000 * 
and Dr. L. O. Howard believes that malaria alone costs the country 
$100,000,000 annually, and the insect diseases generally $200.000,000.« 
He points out that one great item of loss is the reduced value of real 
estate in malarial regions. By drainage and destruction of mos- 
(juitoes most of this waste could be saved. The cost of the care of the 
insane and feeble-minded is estimated by Charles L. Dana at $85,- 
000,000 annually.* What fraction of these costs is preventable it is 
difficult to say. The economic loss due to alcohol has been variously 
estimated.*' Of the billion dollars or more found to represent the cost 
of illness, by far the major part is certainly avoidable. This is the 
belief of the best observers, such as Doctor Gulick, Doctor Kellogg, 
Mrs. Richards, Doctor Anderson, and others. Unfortunately there 
are no exact statistics of preventability. We feel safe, however, in 
concluding that at least half a billion could be saved from the pres- 
ent cost of illness. This, added to the loss by preventable deaths 
of potential earnings of a billion, gives at least a billion and a half 
of preventable waste. This does not include the losses from inef- 
ficient work due to drunkenness or other vicious habits; nor does 
it include the cost of " undue fatigue," which we have some reason 
to believe exceeds in its effect on efficiency the loss from illness. But 
it would not be possible to state this loss m any definite or convincing 
figures. 

The actual economic saving annually possible in this country by 
preventing needless deaths, needless illness (serious and mincM'), and 
needless fatigue, is certainly far greater than one and a half billions, 
and may be three or more times as great. 

Dr. George M. Gould estimated that sickness and death in the 
United States cost $3,000,000,000 annually, of which at least a third 
is regarded as preventable.^ 

The trouble is the public does not believe in this waste from being "Just 
poorly," and " so as to be about." It has no conception of the difference 
between working with a clear brain and steady hand and with a dull and 
nerveless tool. They must be convinced somehow.^ 

oSee Irving Fisher: " Ck)st of Tuberculosis In the United States, and its 
Reduction." 

^ See his " Conservation of life and health by improved water 8ui)ply," read 
before the White House Conference of Governors, 1908. 

<^ Report to Conservation Commission on *' lOconomic loss to the people of the 
United States through insects that carry disease." 

* See *• Psychiatry in its relation to other sciences," by Charles L. Dana, before 
the section on psychiatry at the International Congress of Arts and Sciences, 
St. Louis, September, 1904. 

« " Economic aspects of the liquor problem." An investigation made for the 
Committee of Fifty, under the direction of Ilenry W. Farnam, secretary of the 
economic subcommittee, 1899, 327 pages. 

f " Disease and Sin," American Medical Journal, August 31 and September 
7, 1901. 

Letter from EUen H. Richards. 
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Section 2. — The cost of conservaiiotk 

It costs no more to '* raise " a man capable of living for 80 years than it does 
to " grow " one who has not the capacity of living to be 40 years old.<» 

We have seen how much potential value of life is now allowed to 
be wasted which could be prevented. But the question remains, What 
would it cost to conserve it? It is, of course, not possible to answer 
this question definitely and fully. The best we can do is to point out 
specific instances of the health returns which follow on investments 
in the improvement of vital conditions. 

The following examples will show the returns which may be ex- 
pected from well-planned expenditures on behalf of public health : 

The city of Pittsburg is just installing a great municipal filter plant for the 
purification of its principal water supply, at an exi^ense of upward of $7,000,000. 
It is reasonable to estimate that in a year or two this should effect a saving of 
100 deaths a year from typhoid fever, for the number of typhoid-fever deaths 
of late years has been 400 or more yearly. Valuing these lives at $5,000 each, 
as is customary, the saving effected by the purification works should be half a 
million dollars' worth of huiuan life annually, making the building of the filter 
a sound and profitable economic as well as humanitarian measure. But if, as 
Mr. MacNutt and I have shown, Hazen*s theorem is true, then for every 100 
deaths saved from typhoid fever at least 200 wUl be saved from other causes, 
which means at least $1,000,000 more saved to the city of Pittsburg annually of 
its present waste of human life.'' 

England reckons that the lives saved through the lowered death rate, from 
what it was between 18C6 and 1875 to what it became in the period reaching 
from 1880 to 1889, amounted to 858,804. This represents on the English basis 
of the per capita valuation of each life ($770) a social capital of $650,000,000 
saved. In ten years England has more than regained the sum spent in fifteen 
years for sanitary improvements, though the average annual expenditure has 
been $42,000,000.« 

The achievement of Huddersfield, England, is especially noteworthy. The 
average numl)er of deaths of infants for ten years had been 310. By a system- 
atic education of mothers the number was in 1007 reduced to 212. The cost of 
saving these 98 lives was about $2,000.<' 

A saving of infant life is recorded by Doctor Chapin in Providence : 

We attempted for two years to distribute clean milk to the babies of the poor, 
but this year we decided that the money could better be spent on trained 
nurses. Thus far we have expended about $900 for this purpose. Two hundred 
and thirty-five sick children, of whom very many were very sick, have been 
cared for. Of these only 20 have died. From a study of our statistics I should 
judge that the reduction in infant mortality effected by the nurses was at least 
25 deaths, and it may be that as many as 40 lives were saved.* 

At the funeral of Maj. Walter Reed, the man who did so much to 
prove the correctness of Doctor Finley's discovery that the mosquito 
IS the carrying agent for the yellow-fever germ, Gen. Leonard Wood 

« T. S. Lambert : " Sources of Longevity," New York, 1869, p. 6. 

» W. T. Sedgwick : " The call to- public health," Science, 1908, p. 198. 

Since the foregoing was written, there has appeared in " Charities," February 
6, 1909, " Thirty Five Years of Typhoid " by Frank E. Wing, in which it is shown 
that there were in 1907, in Pittsburg, 4,921 cases of typhoid, of which 622 died ; 
and that the cost per patient, irrespective of the lives lost, was $128, making the 
cost for the city $694,000. Reckoning $4,000 as the value of each life lost, 
the total annual money cost from typhoid in Pittsburg is over $3,000,000, and, 
according to Hazen's theorem, already mentioned, this is probably not one-half 
nor even one-third of the total. 

«Ditman, loc. cit, p. 4. Taken from M. G. Dana: " Besults of municipal 
sanitation." Annals of Hygiene, 1896, Vol. II, p. 391. 

* Tetter from Dr. Charles V. Chapin* 

• Ibid. 
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declared that this discoverv is saving more lives annually than were 
lost in the Cuban war, ana that it is saving the commercial interests 
of the world a greater financial loss each year than the cost of the 
entire Cuban war.® 

As to what the stamping out of yellow fever means, in money 
terms, the following is significant: 

It has been estimatedi that the yellow fever epidemic of 1878 inyaded 132 
towns, caused a mortality of 15,954 persons, and that the pecuniary loss to the 
country was not less than $100,000,000 In gold.* 

The economic loss to Philadelphia, caused by the smallpox epidemic 
of 1871-72 has been estimated by Doctor Lee at $22,000,000. This in- 
cludes loss to travel and traffic on railroads, loss to hotel keepers, 
merchants, and manufacturers^ cost of care oi sick, loss of time, and 
the expense of burial. A vaccine bureau with physicians, a disinfect- 
ing station, and the inauguration of a campaign of education capable 
of forestalling the whole epidemic would have cost $700,000.*^ 

It is reported that San Francisco plans an investment of $30,000,- 
000 in stone and concrete quays to prevent rodents from infecting the 
city, and this is regarded by experts as worth while many times over. 

In respect to hook-worm disease, rating the earning per diem of the 
southern farm laborer at 75 cents, 28 observers report that average 
laborers infected with hook-worms earn 40 cents per diem. Ten ob- 
servers having cotton-mill practice report unanimously that the 
disease is very prevalent among cotton-mill laborers, and rating the 
average mill laborers at $1.50 per diem, they consider 75 cents as a 
fair rating for hook-worm bearing laborers.** 

It would be difflcult to even roughly estimate the cost of this disease to the 
South, but from what we know of it in this State I would say that it costs South 
Carolina not less than $30,000,000 per year, and this Inability to perform regular 
and etficient labor is the smallest part of the cost.* 

It has been fibred that the hook-worm disease of the South could 
be wiped out within a generation ' through the expenditure of from 
one to two millions of dollars by federal and state agencies. It costs 
about 15 to 76 cents (wholesale) for drugs to cure a case of hook 
worms. In three months the quantity of red corpuscles in the blood 
can easily be increased 10 to 50 per cent, according to the severity of 
the case, and the^ absenteeism of the victims could easily be reduced 
25 per cent. 

Another noteworthy result of well-directed sanitary effort is the reduction of 
hook-worm disease in Porto Rico. As you are doubtless aware, this disease 
cau^ a tremendous lowering of the physical efficiency of the people of that 
island. As you may see by the report of the special commission for 1006 .and 
1907 made to Governor Post, 89,000 people were treated, and for the most 
part cured, for 54 cents each.* 

«Dltman, loc. cit, p. 12. 

* Walter Wyman, M. D., " Quarantine and Commerce," address before Cincin- 
nati Commercial Club. October 15, 1898, p. 8. 

<^ Ditman, loc. cit, pp. 8-10, from Bissell, A Manual of Hygiene. 

< Letter from Dr. W. J. Burdell. 

« William Weston, " Uncinariasis," South Carolina Medical Association, 1908, 
p. 8. 

f Dr. Charles W. Stiles, of the United States Public Health and Marine-Hos- 
pital Service, who has studied the hook-worm disease more thoroughly than any 
one in the country. 

9 Letter from Doctor Stiles. 

* Letter from Charles V. Chapin, 1908, 
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Medical inspection in our schools also returns large dividends on 
small investments. 

Using these data as a basis, we have the annual expenditure for medical 
Inspection of (345,135 in those cities from which we have succeeded in obtain- 
ing data. It seems probable, although this is frankly a guess, that the total 
annual expenditure for medical inspection of schools in the United States at 
the present time is perhaps $500,0(X).'» 

The money saved by enabling thousands of children to do one year's work in 
one year, instead of in two or three years, would greatly exceed the total 
expense of examining all school children in all boroughs.^ 

Doctor Jessen has shown that the cost of a school dental clinic in 
Germany is only one mark per year per child.* The cost saved must 
be very many times this sum. Dr. Herbert L. Wheeler, of New 
York, estimates that the Children's Aid Dental Clinic in New York 
cost $342 for the last fiscal year (35 cents per operation and 70 cents 
per child treated). He reckons that the neglect of these slight repairs 
would later have cost far more in dentistry, as well as over $2,000 
worth of lost time. These losses are of course of minor importance 
compared with the pain, inconvenience, and secondary effects on 
health and efficiency which are inevitably associated with bad teeth. 

Mr. Edwin Chadwick, who was once secretary of the English Na- 
tional Board of Health, stated that a sanitary "engineer ought to 
contract for the reduction of the sickness and death rate, in such a 
city as Glasgow, by at least one-third, for a penny a head of the 
entire population." * 

It is necessary, if we are to do our utmost, to spend a thousand pounds of 
public money on this task where we now spend one pound. It would be rea- 
sonable and wise to expend ten million pounds a year of our revenues on the 
investigation and attempt to destroy disease. Actually what Is so spent is a 
mere nothing, a few thousands a year. Meanwhile our people are dying by 
thousands of preventable disease.* 

Mr. Hiram J. Messenger, actuary of the Travelers Insurance Com- 

f)any, of Hartford, has constructed and sent me a table showing that 
ife insurance companies could probably make money now by taking 
a hand in the public-health movement, with the purely commercial 
object of reducing their death losses. He says : 

This table sbows that if tbe companies were to expend $200,000 a year for 
this purpose and as a result should decrease their losses by the almost insig- 
nificant amount of twelve one-hundredths of 1 per cent they would save enough to 
cover the expense. If such a plan as this were placed on a purely scientific basis 
and carried out by good business methods and all the comi)anles pulled together 
for the common good, I should expect a decrease in death claims of more than 1 
per cent. And a decrease in death claims of 1 per cent would mean that the 
companies would save more than eight times as much as they expended or would 
make a net saving of more than seven times the expense — which would be about 
a million and a half dollars a year. 

The examples given show tangible returns on the investment of sev- 
eral thousand per cent as a rule. While it would be impossible to 



•Letter from Dr. Luther H. Gulick. 

^ Sixty-third Annual Report of the Association for Improving the Condition of 
the Poor, New York, 1906. 

^ See "Jahresberlcht der Stttdtischen Schulzahnklinik in Strassburg," in 
Odontologische Blatter 12, No. 15-16, 1907. 

* Transactions of the British Social Science Association, 1866, p. 580. Quoted 
by Dr. Edward Jarvis, Political Economy of Health, Fifth Report, Mass. Board 
of Health, 1874, p. 367. 

•B. Ray Lankester, "The Kingdom of Man," New York (Holt), 1907, p. 148. 
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state in general terms how rich a return lies ready for public or pri- 
vate investments in good health, the foregoing examples and numw- 
ous others show that the rate of this return is quite beyond the dreams 
of avarice. Were it possible for the public to realize this fact, motives 
both of economy and of humanity would dictate immediate and gen- 
erous expenditure of public moneys for improving the air we breathe, 
the water we drink, and the food we eat, as weU as for eliminating 
the dangers to life and limb which now surround us. 

Chapter XIIL — The general value of increased vitality. 
Section 1. — Disease, poverty, and crime. 

In the preceding chapter we have attempted to estimate in money 
the preventable wastes from disease and death. Although the figures 
for national losses strike the popular imagination, they have little 
significance ; in fact, money estimates in this field, even when made on 
the per capita basis, are of little value except as emphasizing the 
overwhelming importance of human vitality compared with those 
interests which are usually measured in money. It is impossible in 
any true sense to measure human life m terms of dollars and cents.« 

The measure of life may perhaps be found in happiness, or the 
satisfactions enjojjed between birth and death, less the dissatisiactions. 

Is life worth living ? has been a much asked question, especially since 
Mr. Mallock wrote a book with that title. The witticism sometimes 
given in answer, " That depends upon the liver," is true in both of its 
two meanings. A life of happiness is always worth living, and a life 
of usefulness, which brings happiness to others, is doubly worth 
living. 

It is hardly necessary to recount all the conditions which tend to 
produce hapi>iness. No one would question that the most funda- 
mental condition of all is health, in spite of exceptional cases in which 
unhealthy people are found happy, and healthy people unhappy. It 
would be impossible to express in exact terms the extent to which im- 
proved health could increase human happiness; but every observer 
of human misery among the poor reports that disease plays the lead- 
ing role. Students of criminology and vice agree that these are 
chiefly the result of morbid conditions and habits. Health reform 
brings in its train great and lasting reductions in poverty, criminality, 
and vice. 

We began this report by showing the relation between the conser- 
vation or health and the conservation of wealth. The broadest view 
of this relation is, as Emerson has said, that "Health is the first 
wealth," and as such it is treated by many economists.^ 

« Even as a measure of what economists call " utility," a money estimate Is 
misleading, for the reason that the " marginal utility " of money varies with 
different i^ersons. For instance, a week's wages of $10 lost to a poor wage- 
earner is in such an estimate counted on a par with an expenditure of $10 by 
a wealthy invalid for a dainty morsel of food, although the loss in " utility " 
to the former is vastly greater than that to the latter. 

''Among those who have included health in the category of wealth are 
Davenant, Petty, Canard, Say, McCullough, Roscher, Wittstein, Walras, Engel, 
Weiss, Dargun, Ofner, Nicholson, and Pareto. See Irving Fisher : ** The Nature 
of Capital and Income," New York (Macmillan), 1906, p. 5. 
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Without enlarging or insisting upon this concept, it is obvious that 
by the conservation of health we may ultimately save billions of 
dollars of wasted values, and that this conservation is intimately 
related to conservation of all other kinds.® 

We have already seen the vicious circle set up between poverty and 
disease, each of which tends to produce the other. Metchnikoff * con- 
tends that health and morality are correlative, if not interchangeable, 
terms. A similar idea has been elaborated statistically by Dr. George 
M. Gould.*' The subject is worth much further study. National 
eflSciency is crippled by an^ one or all of the parts of the vicious 
circle — disease, poverty, vice, vagabondage, crime. It would be 
interesting to study the tramp problem, which represents an enor- 
mous waste of labor power, in relation to all these phenomena. 

Seotiok 2. — Conaervaiion of natural resources. 

It is also true that health begets wealth, and vice versa. Whatever 
diminishes poverty or increases the physical means of welfare has the 
improvement of health as one of its first and most evident effects. 
Therefore an important method of maintaining vital efficiency is to 
conserve our natural resources — our land, our raw materials, our for- 
ests, and our water. Only in this way can we obtain food, clothing, 
shelter, and the other means of maintaining life. Conversely, the 
conservation of health will tend in several ways to the conservation 
of wealth. First of all, the more vigorous and long-lived the race, 
the better utilization can it make of its natural resources. The labor 
power of such a race is greater, more intense, more intelligent, and 
more inventive. 

The development of our natural resources in the future will be 
more dependent on technical invention** than upon the mere abun- 
dance 01 materials. 

Just as in warfare it is not so much the gun as the man behind 
the gun that makes for success, so in industry, as Doctor Shadwell • 
has shown, skill, knowledge, and inventiveness are the chief factors 
in determining commercial success and supremacy. The backward 
nations, like China, are characterized by lack of modem inventions. 
The nations which are industrially most advanced have the railway, 
the steamship, the power loom, metal working, and innumerable arts 
and crafts. The cnange of Japan from a backward to a forward 
nation is at bottom the introduction of inventions. If conservation 
prevents lessened fertility, invention makes two blades of grass grow 
where one grew before. 

Future industrial competition will be increasingly a contest of in- 
vention. The world rivalry to develop the best system of wireless 
telegraphy or the best airships is but one example. The future will 
see the greatest strides taken by the nation which is the most invent- 

•See Edward Devlne, "Efficiency and Relief," New York (Macmillan), 1906. 

* Prolongation of Life, p. 318. 

<> " Disease and sin," American Medical Journal, Aug. 31 and Sept 7, 1901. 

* Since the above was written, President Charles S. Howe, of Cleveland, has 
presented this point in detail. See " The function of the engineer in the con- 
servation of the natural resources of the country," Science, Oct. 23, 1908. 

^Arthur Shadwell in his admirable ''Industrial Elfflciency" (2 vols.). Lon- 
don (Longmans), 1906. 
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ive. Now, the primary condition of invention is vitality, a clear 
brain in a normal body. It is no accident that Edison is a health 
culturist, or that Krupp, Westinghouse, and other pioneers in indus- 
trial development have oeen men of vigor of mind and body. 

Finally, the conservation of health will promote the conservation 
of other resources by keeping and strengthening the faculty of fore- 
sight. One cause of poverty in the individual and the nation is lack 
01 forethought.® 

One of the first symptoms of racial degeneracy is decay of fore- 
sight. Normal, healthy men care for and provide for their descend- 
ants. A normal, healthy race of men, and such alone, will enact 
the laws or develop the public sentiment needed to conserve natural 
resources for generations yet unborn. When in Rome foresight 
was lost, care for future generations practically ceased. Physical 
degeneracy brought with it moral and intellectual degeneracy. In- 
stead of conserving their resources the spendthrift Romans, from the 
emperor down, began to feed on their colonies and to eat up their 
capital. Instead of building new structures they used their old 
coliseum as a quarry and a metal mine.^ 

The problem of the conservation of our natural resources is there- 
fore not a series of independent problems, but a coherent all-embra- 
cing whole. If our nation cares to make any provision for its grand- 
children and its grandchildren's grandchildren, this provision must 
include conservation in all its branches — ^but above all, the conserva- 
tion of the racial stock itself. 

CiiAtT^R XIV. — Things which need to he done. 
Section 1. — Enumeration of principal measures. 

In order that American vitality may reach its maximum devel- 
opment, many things need to be done. Among them are the fol- 
lowing : 

1. The National Government, the States, and the municipalities 
skould steadfastly devote their energies and resources to the protec- 
tion of the people from disease. Such protection is quite as properly 
a governmental function as is protection from foreign invasion, from 
criminals, or from fire. It is both bad policy and bad economy 
to leave this work mainly to the weak and spasmodic eflForts of 
charity, or to the philanthropy of physicians. 

2. TThe National Government should exercise at least three public 
health functions: First, investigation; second, the dissemination of 
information ; third, administration. 

It should remove the reproach that more pains are now taken to 
protect the health of farm cattle than of human beings. It should 
provide more and greater laboratories for research in preventive 
medicine and public hygiene. Provision should also be made for 
l)etter and more universal vital statistics, without which it is impos- 
sible to know the exact conditions in an epidemic, or, in general, 
the sanitary or insanitary conditions in any part of the country. 

«See Irving Fisher: "The Rate of Interest," New York (Macmillan). 1907. 
*See John Rae: "Sociological Theory of Capital," edited by Prof, a W. 
Mixter, New York (Macmillan), 1905. 
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It should aim, as should state and municipal l^slation, to procure 
adequate registration of births, statistics of which are at present 
lacking throughout the United States. 

The National Government should prevent transportation of dis- 
ease from State to State in the same way as it now provides for 
foreign quarantine and the protection of the nation from the impor- 
tation of disease by foreign inmiigrants. It should provide for the 
protection of the passenger in interstate railway travel from infection 
by his fellow-passengers and from insanitary conditions in sleeping 
cars, etc. 

It should enact suitable legislation providing against pollution of 
interstate streams. • 

It should provide for the dissemination of information in regard 
to the prevention of tuberculosis and other diseases, the dangers of 
impure air, impure foods, impure milk, imperfect sanitation, ventila- 
tion, etc. Just as now the Department of Agriculture supplies 
specific information to the farmer in respect to raising crops or live 
stock, so should one of the departments, devoted principally to health 
and education, be able to provide everv health onicer, school-teacher, 
employer, physician, and private family with specific information in 
regard to public, domestic, and personal hygiene. 

It should provide for making the national capital into a model 
sanitary city, free from insanitary tenements and workshops, air 
pollution, water pollution, food pollution, etc., with a rate or aeath 
and a rate of illness among infants and among the population gen- 
erally so low and so free from epidemics of typnoid or other diseases 
as will arouse the attention of the entire country and the world. 

There should be a constant adaptation of the pure-food laws to 
changing conditions. Meat inspection and other inspection should be 
so arranged as to protect not only foreigners, but our own citizens. 
The existing health agencies of the Government should be concen- 
trated in one department, better coordinated, and given more powers 
and appropriations. 

3. State boards of health and state legislation should provide for 
the regulation of labor of women, should make physiological condi- 
tions for women's work and prevent their employment before and 
after childbirth; should regulate the age at which children shall be 
employed, make reasonable regulations in regard to hours of labor 
ana against the dangers in hazardous trades, and especially against 
the particular dangers of dust and poisonous chemicals; should make 
regulations for sanitation and provide inspection of factories, schools, 
asylums, prisons, and other public institutions. Where municipalities 
have not the powers to enact the legislation above mentioned with 
reference to local conditions, the necessary legislation or authority 
should be provided by the State. Or where by reason of the small 
size of the town no efficient local action is possible, the State should 
exercise the necessary functions. It should in such cases advise and 
supervise local boards of health. It should have an engineering de- 
partment and advise regarding the construction of sewers and water 
supplies. Pollution of such supplies, unless entirely local, should be 

J prevented by the State, which should be equipped with laboratories 
or the analysis of water, milk, and other foods. Suitable legislation 
should be passed regulating the sale of drugs, especially preparations 
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containing cocaine, opium, or alcohol. Legislation — ^not toO far in 
advance of public sentiment needed to enforce it — should be passed 
regulating the sale of alcoholic beverages. State registration of 
births, deaths, and cases of illness should be much more general and 
efficient than at present. 

4. Municipal boards of health need to have more powers and 
greater appropriations; less political interference and better trained 
health officers; more support in public opinion. Their ordinances in 
regard to expectoration, notification of infectious disease, etc, should 
be better enrorced by the police departments. 

More legislation should be advocated, passed, and enforced to 
the end that streets may be kept clean, garbage properly removed, 
sewage properly disposed of, air pollution of all kinds prevented, 
whether by smoke, street dust, noxious gases, or any other source- 
Noises also should be lessened. 

Municipalities need also to take measures to prevent infection being 
carried by flies, mosquitoes, other insects and vermin, and by prosti- 
tution. They need to guard with greater care the water supply, and 
in many cases to filter it; they should make standards for milk pu- 
rity and enforce them ; they should also regularly inspect other foods 
exposed for sale; provide for sanitary inspection of local slaughter- 
houses, dairies, shops, lodging and boarding houses, and other estab- 
lishments within the power of the particular municipality; they 
should make and enforce stricter building laws, especially as relating 
to tenements, to the end that dark-room tenements may be eliminated 
and all tenements be provided with certain minimum standard re- 
quirements as to light, air, and sanitary arrangements. 

5. School children should be medically inspected and school 
hygiene universally practiced. This involves better protection 
against school epidemics, better ventilation, light, and cleanliness of 
the schoolroom, the discovery and correction of adenoids, eye strain, 
and nervous strain generally, and the provision for playgrounds. 
Sound scientific hygiene should be taught in all schools, public, pri- 
vate, normal, and technical, as also in colleges and universities. 

6. The curricula of medical schools should be rearranged with a 
greater emphasis on prevention and on the training of health officers. 
Sanatoria and hospitals, dispensaries, district nursing, tuberculosis 
classes, and other semipublic institutions should be increased in num- 
ber and improved in quality. The medical profession, keeping pace 
with these changes, should be the chief means of conveying tneir 
benefits to the public. Universities and research institutions need 
to take up the study of hygiene in all its branches. Now that the 
diseases of childhood are receiving: attention, the next step should 
be to study the diseases of middle life. These are diseases, to a large 
extent, of nutrition and circulation, and consequently these subjects 
should receive special attention. Intelligent action must rest on 
knowledge, and knowledge of preventing disease is as yet extremely 
imperfect. 

7. In industrial and commercial establishments employers may 
greatly aid the health movement, and in many cases make their phi- 
lanthropy self-supporting by providing social secretaries, lunch and 
rest rooms, physiological (generally shorter) hours of work, pro- 
vision for innocent amusements, seats for women, etc. 
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Life insurance companies could properly and with much profit 
club together to instruct their risks in self-care and secure general 
legislation and enforcement of legislation in behalf of public nealth. 

8. The present striking change in personal habits of living should 
be carried out to its lo^cal conclusion until the health ideals and the 
ideals of athletic training shall become universal. This change in- 
volves a quiet revolution m habits of living, a more intelligent utili- 
zation of one's environment, especially in regard to the condition of 
the air in our houses, the character of the clothes we wear, of the 
site and architecture of the dwelling with respect to sunlight, soil, 
ventilation, and sanitation, the character of food, its cooking, the 
use of alcohol, tobacco, and drugs, and last, but not least, sex hygiene 
in all its bearings. 

9. The fight against disease will aid in the fight against pauper- 
ism and crime. It is also true that any measures which tend to elimi- 
nate poverty, vice, and crime will tend to improve sanitary condi- 
tions. 

10. Finally, eugenics, or hjgiene for future generations, should be 
studied and gradually put in practice. This involves the prohibi- 
tion of flagrant cases of marriages of the unfit, such as syphilitics, 
the insane, feeble-minded, epileptics, paupers, or criminals, etc. The 
example of Indiana in this regard should be considered and followed 
by other States, as also in regard to the unsexing of rapists, criminals, 
idiots, and degenerates generally. A public opinion should be 
aroused which will not only encourage healthy and discountenance 
degenerate marriages, but will become so embedded in the minds of 
the rising generation as will unconsciously, but powerfully, affect 
their marriage choices. 
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ECONOMIC LOSS TO THE PEOPLE THROUGH INSECTS THAT 

CARRY DISEASE. 



By L. O. Howard, Ph. D., 
Chief Bureau of EJntomology, United States Department of Agriculture. 



It has been definitely proven and is now generally accepted that 
malaria in its different forms is disseminated among individuals of 
the human species by mosquitoes of the genus Anopheles^ and that 
the malarial organism gains entrance to the human system, so far as 
known, only by the bite of mosquitoes of this genus. It has been 
proven with equal definiteness, and has also become generally accepted, 
that yellow fever is disseminated by the bite of a mosquito known as 
Stegomyia calopvs (possibly by the bites of other mosquitoes of the 
same genus), and so far as has been discovered this disease is dis- 
seminated only in this way. Further, it has been scientifically dem- 
onstrated that the common house fly is an active agent in the dissemi- 
nation of typhoid fever, Asiatic cholera, and other intestinal diseases 
by carrying the causative organisms of these diseases from the ex- 
creta of patients to the food supply of healthy individuals ; and that 
certain species of fleas are the active agents in the conveyance of 
bubonic plague. Moreover, the tropical disease known as " filariasis " 
is transmitted by a species of mosquito. Furthermore, it is known 
that the so-called "spotted fever" of the northern Rocky Mountain 
regions is carried by a species of tick; and it has been demonstrated 
that certain blood diseases may be carried b^ several species of biting 
insects. The purulent ophthalmia of the Nile Basin is carried by the 
house fly. A similar disease in the Fiji Islands is conveyed by the 
same insect. Pink eye in the southern United States is carried by 
minute flies of the genus Hippelates, The house fly has been shown to 
be a minor factor in the spread of tuberculosis. The bedbug has been 
connected with the dissemination of several diseases. Certain biting 
flies carry the sleeping sickness of Africa. A number of dangerous 
diseases of domestic animals are conveyed by insects. The literature 
of the whole subject has grown enormously during the past few years, 
and the economic loss to the human species through these insects is 
tremendous. At the same time this loss is entirely unnecessary ; the 
diseases in question can be controlled, and the suppression of the)con- 
veying insects, so absolutely vital with certain of these diseases and so 
important in the others, can be brought about. 

MOSQIHTOES. 

Aside from the loss occasioned by these insects as carriers of 
specific diseases, their abundance brings about a great monetary 
loss in other ways. 
752 
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Possibly the greatest of these losses is in the reduced value of real 
estate in mosquito-infested regions, since these insects render abso- 
lutely uninhabitable large areas of land available for suburban homes, 
for summer resorts, for manufacturing purposes, and for agricultural 

f)ursuits. The money loss becomes most apparent in the vicinity of 
arge centers of population. The mosquito-breeding regions in the 
vicmity of New York City, for example, have prevented the growth 
of paying industries of various kinds and have hindered the proper 
development of large regions to an amount which it is difficult to 
estimate in dollars and cents, and which is almost inconceivable. 
The same may be said for other large cities near the seacoast, and 
even of those inland in low-lying regions. The development of the 
whole State of New Jersey has been held back by the mosquito 
plague. 

Agricultural regions have suffered from this cause. In portions 
of the Northwestern States it has been necessary to cover work horses 
in the field with sheets during the day. In the Gulf repon of Texas 
at times the market value of live stock is greatly reducedby the abun- 
dance of insects. In portions of southern New Jersey there are lands 
eminently adapted to the dairying industry, contiguous to the markets 
of New 1 ork, Philadelphia, and the large New Jersey cities. In these 
localities herds of cattle have been repeatedly established, but the 
attacks by swarms of mosquitoes have reduced the yield in milk to 
such Ml extent as to make the animals unprofitable and dairying has 
been abandoned for occupations which are normally less remunera- 
tive. The condition of thoroughbred race horses at the great racing 
centers of Sheepshead Bay, Cong Island, was so impaired by the 
attacks of mosquitoes as to induce those interested to spend many 
thousands of dollars a few years ago in an effort to abate the pest. 

All over the United States, for these insects and for the house fly 
as. well, it has become necessary, at great expense, to screen habita- 
tions. The cost of screening alone must surely exceed $10,000,000 
per annum. 

MALABIA. 

The West Coast of Africa, portions of India, and many other trop- 
ical regions have always, at least down to the present period, been 
practically uninhabitable by civilized man owing to the presence of 
pernicious malaria. The industrial and agricultural development of 
Italy has been hindered to an incalculable degree by the prevalence of 
malaria in the southern half of the Italian peninsula, as well as in the 
velley of the Po and elsewhere. The introduction and spread of this 
disease in Greece is stated by Ronald Ross (and with strong reasons) 
to have been largely responsible for the progressive physical degenera- 
tion of one of the strongest races of the earth. 

In the United States malaria, if not endemic, was early introduced. 
The probabilities are that it was endemic, and it is believed that the 
cause of failure of the early colonies in Virginia was due to this dis- 
ease. It is certain that malaria retarded m a marked degree the 
advance of civilization over the North American Continent, and par- 
ticularlv was this the case in the march of the pioneers throughout 
the Middle West and throughout the Gulf States to the land west to 
and beyond the Mississippi. In many large regions once malarious 
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the disease has lessened greatly in frequency and virulence owing to 
the reclamation of swamp areas and the lessening of the number of 
the possible breeding places of the malarial mosauitoes, but it is still 
enormously prevalent, particularly in the Southern States. There 
are many regions in the North where malaria is unknown, but in some 
of these localities Anopheles mosquitoes breed, and the absence of 
malaria means simply that malarial patients have not entered the 
regions at such time of the jrear as mi^ht produce a spread of the 
maladj. It has happened again and agam that in communities where 
malaria was previously unknown it has suddenly made its appearance 
and spread in a startling manner. These cases are sometimes to be 
explamed, as happened m Brookline, Mass., by the introduction of 
Italian laborers, some of whom were malarious, to work upon the 
reservoir, or, as happened at a fashionable summer resort near New 
York City, by the appearance of a coachman who had had malaria 
elsewhere ana sufferea relapse at that place. In such ways, with a 
rapidly increasing population, malaria is still rapidly spreading in 
this country. 

To attempt an estimate of the economic loss from the prevalence of 
malaria in the United States is a most difficult task. Trof. Irving 
Fisher, of Yale University, in one of his papers before the recent 
International Tuberculosis Congress, declared that tuberculosis costs 
the people of the United States more than $1,000,000,000 per year. In 
this estimate Professor Fisher considered \hh death rate tor consump- 
tion, the loss of the earning capacity of the patients, the period of in- 
validism, and the amount of money expended in the care of the 
sick, together with other factors. In making these estimates he had a 
much more definite basis than can be gained for malaria. The death 
rate from malaria is comparatively small, and is apparently decreas- 
ing. Exact fi^i-es for the whole country are not available. Fnwn a 
table comprising 22 cities it appears that two-thirds of the deaths 
from malaria occur in the South, one-third only in the North. The 
death rates, by States, are available only for the following registraticm 
States: California, Colorado, Connecticut, District of Columbia, In- 
diana, Maine, Maryland, Massachusetts, Michigan, New Hampshire, 
New York, New Jersey^ Pennsylvania, Rhode Island, South Dakota, 
and Vermont, all of which are Northern States. For these States the 
census reports from 1900 to 1907, inclusive, give the following death 
rates: 



Year. 


Number 
per 100.000 
population. 


Deaths. 

* 


1900 - - 


7.9 
6.8 
6.4 
4.8 
4.2 
8.0 
8.5 
2.8 


2.484 
1791 
1,788 
1,410 
1.891 
1.821 
1.416 
1,166 


1901 




1902 


1903 


1904 


1906 


1906 


1907 _ 








12,606 



Estimating from the preceding table the average annual death rate 
at 4.8 per 100,000 population, and considering that the registration 
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area includes only 16 of the Northern States (assuming fairly, how- 
ever, that the death rate in the other Northern States is the same) , it 
seems reasonably safe to conclude that the death rate from malaria 
for the whole United States must surely amount to 16 per 100,000. It 
is probably greater than this, since the statistics from the South are 
city statistics, and malaria is really a country disease. This would 
give an annual loss by death from malaria of nearly 12,000 and a total 
number of deaths for the eight-year period (1900^1907) of approxi- 
mately 96,000. 

But with malaria, perhaps as with no other disease, does the death 
rat« fail to indicate the real loss from the economic point of view. A 
man may suffer from malaria throughout the greater part of his life, 
and his productive capacity may be reduced bj from 50 to 76 per cent, 
and yet ultimately he may die irom some entirely different cause, in 
(act the predisposition to death from other causes brought about by 
malaria is so marked that if in the collection of vital statistics it were 
possible to ascribe the real influence upon mortality that malaria 
possesses, this disease would have a ver}^ high rank in mortality tables. 
Writing of tropical countries. Sir Patrick Manson states that malaria 
causes more deaths and more predisposition to death by inducing 
cachectic states disposing to other affections than all the other para- 
sites affecting mankind together. Moreover, it has been shown that 
the average life of the worker in malarious places is shorter and the 
infant mortality higher than in healthy places. 

But aside from this vitally important aspect of the subject the 
effect of malaria in lessening or destroying the productive capacity 
of the individual is obvio.usly of the utmost importance, and upon the 
population of a malarious region is enormous, even under modern 
conditions and in this country. It has been suggested that the de- 
population of the thickly settled Roman Campagna was due to the 
sudden introduction of malaria by the mercenaries of Sylla and 
Marius. Celli, in 1900, states that owing to malaria about 5,000,000 
acres of land in Italy remain not uncultivated, but certainly very 
imperfectly cultivated. Then, also, in further example, in quite 
recent years malaria entered and devastated the islands of Mauritius 
and Eeunion, practically destroying for a time the productiveness of 
these rich colonies of Great Britain and France. 

Creighton, in his article on Malaria in the Encyclopedia Britannica, 
states that this disease " has been estimated to produce one-half of the 
entire mortality of the human race; and inasmuch as it is the most 
frequent cause of sickness and death in those parts of the globe that 
are most densely populated, the estimate may be taken as at least 
rhetorically correct." * 

Is it possible to make any close estimate of the relation between the 
number of deaths from malaria and the number of cases of the same 
malady? No perfectly sound basis for such an estimate is apparent. 
In the English translation of Celli's work on " Malaria according to 
the new researches," published in London in 1900, it is stated that 
the mortality from malaria in Italy from 1887 to 1898 varied from 
21,033 in the first-named year to 11,378 in the last named, and the 
mean mortality for the period is assumed to be about 15,000. In 

<»See Darwinism and Malaria by R. G. Eccles, M. D., Medical Record, New 
York, January 16, 1909, pp. 85-93. 
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1896 a count of the patients in the hospitals in Rome was made, and 
the mortality rate of 7.76 per thousand of the actual patients was 
established. Calculating, then, on this basis and at this rate the 
number of cases per year for Italy was placed at about 2,000,000. 
According to this estimate and with the average mortality for the 
United States of 12,000, as above indicated, the approximate number 
of cases for the United States would be about 1,560,000. It seems 
obvious, however, that Celli, in using the basis of hospital patients 
only, must have underestimated the number of cases for the kingdom, 
since of the people in the country suffering from malaria the propor- 
tion entering the hospital must* be relatively small. Therefore the 
death rate from malaria of malarial patients in the hospital must 
be greater than the death rate from mdaria of the people who suffer 
from this disease in the whole country. 

In fact so great must this discrepancy necessarily be that it would 
not seem at all unlikely to the writer if the number of persons suffer- 
ing from malaria in Italy were in reality nearer 3,000,000 than 
2,W0,000. The same ar^ment will hold for the United States, and 
the more especially so smce, as a rule, malaria in this country is of 
a lighter type than in Italy, in fact an estimate of 3,000,000 cases 
of malaria m the United States annually is probably by no means 
too high. It will not be an exaggeration to estimate that one-fourth 
of the productive capacity of an individual suffering with an aver- 
age case of malaria is lost, and accepting this as a basis, and includ- 
ing the loss through death, the cost of medicines, the losses to enter- 
prises in malarious regions through the difficulty of securing com- 
petent labor and other factors, it is safe to place the annual loss to 
the United States from malarial disease under present conditions at 
not less than $100,000,000 annually. Celli has shown that in Italy 
the great railway industries, for example, feel the effect of malaria 
greatly. According to accurate calculations one company alone, for 
1,400 kilometers or railway and for 6,416 workmen in malarious 
zones, spends on account of malaria 1,060,000 francs a year. The 
same writer states that the army in Italy from 1877 to 1897 had 
more than 300,000 cases of malaria. 

The loss to this country in the way of retardation of the develop- 
ment of certain regions owing to the presence of malaria is extremely 
great. Certain territory containing most fertile soil and capable of 
the highest agricultural productiveness is practically abandoned. 
With the introduction of proper drainage measures and antimos- 
quito work of other character, millions or acres of untold capacity 
could be released from the scourge at a comparatively slight expendi- 
ture. These regions in the absence of malaria would have added 
millions upon millions to the wealth of the country. Drainage meas- 
ures are now being initiated by the Government. Parties of engineers 
are being sent by the Interior Department to make preliminary 
drainage surveys in the most prominent of these potentially pro- 
ductive regions. The following statement concerning the enect of 
malaria on the progress of this work has been made to the writer by 
Dr. George Otis Smith, Director of the United States (Jeological 
Survey : 

In one of the Southern States 11 topographic parties have been at work 
during the past field season. The full quota for these parties would be 55 men, 
but I belieye that something over 100 men have been employed at different 
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times during the seascm. Wliile I have not exact fibres before me, I feel war- 
ranted in the statement that at least 95 per cent of these employees have been 
sick for periods ranging from a few days up to two weeks in the hospital. 
Many of them have been able later to return to work, but at least 30 per cent 
had to leave the field permanently. By reason of this sickness the efficiency 
of the parties was reduced, at a very conservative estimate, by 25 per cent. 

In my recent visit in this field I found 1 man sick In each of the parties 
I saw, and 1 man who had just returned from the hospital leaving the field 
for good. A similar state of things was reported from the other parties. I 
regard the sickness as practically all of a malarial nature, as extreme care 
was taken in all the camps to use nothing but boiled water, except in a few 
instances, where artesian water from great depths was available. In all the 
camps the tents have been screened, and in every case where the topographer 
has lived for any time " on the country " there has been infection. As illustrat- 
ing the value of the precautions generally taken by our camp parties I might 
cite the fact that last year in West Virgrinia, with 30 men living in a camp, 
with typhoid fever prevalent in the neighborhood, no cases developed, while 
with 6 men living on the country, where the same care could not be taken re- 
garding the water supply, 2 cases of typhoid developed. 

In estimating the weight of Doctor Smith's statement it must be 
borne in mind that the men of his field parties are exceptionally 
intelligent and prepared to take all ordinary precautions. 

Throughout the region in question malaria is practically universal. 
The railroads suffer, and at the stations throughout the territory it 
is practically impossible to keep operators steadily at work. This 
reduction in efficiency in the surveying parties and in the local rail- 
road officials is, moreover, probably very considerably less than the 
reduction in the earning capacity of the entire population, which, 
however, is necessarily scanty. 

In an excellent paper entitled " The relation of malaria to agricul- 
tural and other industries of the South," published in the Popular 
Science Monthly for April, 1903, Prof. Glenn W. Herrick, then of the 
College of Agriculture of Mississippi, after a consideration of the 
whole field, concludes that malaria is responsible for more sickness 
among the white population of the South than anv other disease to 
which that section is now subject. The following forcible statement, 
referring to the States of Louisiana, Mississippi, Alabama, Georgia, 
and South Carolina, is in Professor Herrick's words : 

We must now consider briefly what 635,000 or 1,000,000 cases of chills and 
fevers in one year mean. It is a self-evident truth that it means well for the 
physician ; but for laboring men it means an immense loss of their time, together 
with the doctors' fees in many instances. If members of their families other 
than themselves be affected, it may also mean a loss of time, together with the 
doctors' fees. For the employer it means the loss of labor at a time perhaps 
when it would be of greatest value. If it does not mean the actual loss of 
labor to the employer, it will mean a loss In the efliciency of his labor. To the 
farmers it may mean the loss of their crops by want of cultivation. It will 
always mean the noncultivation or imperfect cultivation of thousands of acres 
of valuable land. It means a listless activity in the world's work that counts 
mightUy against the wealth-producing power of the people. Finally it means 
from two to five million or more days of sickness with all its attendant dis- 
tress, pain of body, and mental depression to some unfortunate individuals of 
those five States. 

Referring to the Delta region in Mississippi, which lies along the 
Mississippi River in the western part of the State extending from the 
mouth of the Yazoo River north nearly to the Tennessee line, Herrick 
says that it is the second best farming land in the world, having only 
one rival, and that is the Valley of the Nile. Herrick says: 

StUl this land to-day, or at least much of it, can be bought at $10 to $20 an 
acre. Thousands of acres in this r^on are stiU covered with the primeval 
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forests, and bears and deer still roaming there offer splendid opportunities for 
the chase, as evidenced by the late visit of our ex-Chief Executive to those re- 
gions for the purpose of hunting. Why is not this land thickly settled? And 
why is it not worth from $200 to $500 an acre? If it produces from one to two 
or more bales of cotton on an acre, and it does, it ought to be worth the above- 
named figures. A bale of cotton to the acre can be produced for $13, leaving 
a net profit of $20 to $40 for each bale, or $40 to $80 or more for each acre 
of land cultivated. Moreover, this land has been doing that for years, and 
will do it for years to come, without the addition of one dollar*s worth of 
fertilizer. Land that will produce a net profit of $40 to $80 an acre is a splen- 
did investment at $100, $200, or even $300 an acre. Yet this land does not 
sell in the market for anything like so much, because the demand is not suffi- 
cient, for white people positively object to living in the pelta on account of 
malarial chills and fevers. A man said to me not long ago that he would go 
to the Delta that day if he were sure that his own life or the lives of the mem- 
bers of his family would not be shortened thereby. There are thousands ex- 
actly like him, and the only reason that these thousands do not go there to 
buy lands and make homes is on account of chills and fevers. But there is a 
time coming, and that not far distant, when malaria in the Delta will not 
menace the would-be inhabitants. When that time comes it will be the richest 
and most populous region in the United States. 

Malaria is a preventable disease. It is possible for the human 
species to live, thrive, and produce in malarious regions, but at a 
very considerable inconvenience and expense. The Italian investi- 
gators, and especially Celli and his staff, have shown that by screen- 
ing the huts of the peasants on the Roman Campagna and by fur- 
nishing field laborers with veils and gloves when exposed to the night 
air it is possible even in that famous hotbed of malaria to conduct 
farming operations with a minimum of trouble from the disease. 
Moreover, Koch and his assistants in German East Africa have 
shown that it is possible, by stamping out the disease among human 
beings by the free use of medicine, to reach a point where there is 
smaU opportunity for malarial mosquitoes to become infected. 
Moreover, the work of the parties sent out by the Liverpool School 
of Tropical Medicine and other English organizations to the west 
coast of Africa has shown that bj^ proper treatment of malarial- 
mosquito breeding pools the pernicious coast fever may be greatly 
reduced. Again, the work of Englishmen in the Malay Federated 
States has shown that large areas may be practically freed from 
malaria. The most thorough and the most satisfactorv of all meas- 
ures consists in abolishing the breeding places of malarial mosqui- 
toes. In regions like the Delta of Mississippi this involves extensive 
and systematic drainage, but in very many localities where the breed- 
ing places of the Anopheles mosquitoes can be easily eradicated, 
where they are readily located and are so circumscribed as to admit 
of easy treatment, it is possible to rid the section from malaria at a 
comparatively slight expense. 

With a general popular appreciation of the industrial losses 
caused primarily by the malarial mosquito and, secondarily, by the 
nonmalarial carrying forms, as indicated in the opening paragraphs, 
it is inconceivaole that the comparatively inexpensive measures 
necessary should not be undertaken by the General Government, by 
the state governments, and by the boards of health of communities, 
just as it is inconceivable that the individual should suffer from 
malaria and from the attacks of other mosquitoes when he has indi- 
vidual preventives and remedies at hand. Large-scale drainage 
measures by the General Government involving large sections of 
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valuable territory have beeji planned and are practically under way; 
certain States, notably New Jersey and New xork, are beginning to 
work; communities all over the country through boards of health 
are also beginning to take notice, while popular education regarding 
the danger from mosquitoes and in regara to remedial measures is 
rapidly spreading. But all of this interest should be intensified, and 
the importance oi the work should be displayed in the most emphatic 
manner, and relief from malarial and other mosquito conditions 
should be brought about as speedily as possible. 

A few excellent examples of antimalarial work may be instanced. 

The latest reports on the measures taken to abolish malaria from 
Klang and Port Swettenham in Selangor, Federated Malay States, 
indicate the most admirable results. These measures were under- 
taken first in 1901 and 1902 and have been reported upon from time 
to time in the Journal of Tropical Medicine. The expenditure un- 
dertaken by the Government with a view to improving the health of 
the inhabitants of these towns has been fully justified oy the results, 
which promise to be of permanent value. The total expenditure for 
the town of Klang, down to the end of 1905, was £3,100, and the 
annual permanent expenditure is about £60 for clearing earth drains 
and £210 for town gardeners. For Port Swettenham the total ex- 
penditure to the end of 1905 was £7,000, and the annual cost of keep- 
ing up the drains, etc., is approximately £40 for clearing earth drains 
and £100 for town gardeners. 

The careful tabulation of cases and deaths and of the results of the 
examination of blood of children in especially drained areas indicates 
the following conclusions: (1) Measures taken systematically to de- 
stroy breeding places of mosquitoes in these towns, the inhabitants 
of which suffered terribly from malaria, were followed almost im- 
mediately l^a general improvement in health and decrease in death 
rate. (2) That this was due directljr to the work carried out and 
not to a general dying out of malaria in the district is clearly shown 
by figures, pointing out that while malaria has practically ceased to 
exist in the areas treated, it has actually increased to a considerable 
extent in other parts of the district where antimalarial measures have 
not been undertaken. 

The statistics for 1905 are even more favorable than those for 1902, 
which give a very strong evidence in favor of the permanent nature 
of the improvement carried out In fact, it seems that malaria 
has been permanently stamped out at Klan^ and Port Swettenham by 
work undertaken in 1901, and this experience in the Malay Stat^ 
should be of value to those responsible lor the health of communities 
similarly situated in many other parts of the world. 

Another striking example of excellent work of this kind is found 
in the recently published report on the suppression of malaria in 
Ismailia, issued under the auspices of the Compagnie Universelle du 
Canal Maritime de Suez. Ismailia is now a town of 8,000 inhabitants. 
It was founded by De Lesseps in April, 1862, on the borders of Lake 
Timsah, which the Suez Canal crosses at middistance between the Red 
Sea and the Mediterranean. Malarial fever made its appearance in 
very severe form in September, 1877, although the city had up to 
that time been very healthful, and increased so that since 1886 almost 
all of the inhabitants have suffered from the fever. In 1901 an at- 
tempt to control the disease was made on the mosquito basis, and this 
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attempt rapidly and completely succeeded, and after two years of 
work all traces of malaria disappeared from the city. The work was 
directed not only against Anopheles mosquitoes, but against other 
Culicids^ and comprised the drainage of a large swamp and the other 
usual measures. The initial expense amounted to 50,000 francs, and 
the usual annual expenses since have amounted to about 18,300 francs. 

The results may be summarized about as follows: Since the begin- 
ning of 1903 the ordinary mosquitoes have disappeared from Ismailia. 
Since the autumn of 1903 not a single larva or Anopheles has been 
found in the protected zone, which extends to the west for a distance 
of 1,000 meters from the first houses in the Arabian quarter, and to 
the east for a distance of 1,800 meters from the first houses in the 
European quarter. After 1902 malarial fever obviously began to 
decrease, and since 1903 not a single new case of malaria has been 
found in Ismailia. 

A very efficient piece of antimalarial work was accomplished in 
Habana during the American occupation of 1901 and 1902, incidental 
in a way to the work against yellow fever. An Anopheles brigade of 
workmen was organized xmder the sanitary officer, Doctor Gorgas, 
for work alonff the small streams, irrigated gardens, and similar 
places in the suburbs, and numbered from 50 to 300 men. No exten- 
sive draining, such as would require engineering skill, was attempted, 
and the natural streams and gutters were simply cleared of ob^ruc- 
tions and grass, while superficial ditches were made through the irri- 
gated meadows. Among the suburban truck gardens Anopheles bred 
everywhere, in little puddles of water, cow tracks, horse tracks, and 
similar depressions in grassy ground. Little or no oil was used by the 
Anopheles brigade, since it was found in practice a simple matter to 
drain these places. At the end of the year it was very difficult to 
find water containing mosquito larvae anywhere in the suburbs, and 
the effect upon malarial statistics was striking. In 1900, the year 
before the beginning of the mosquito work, there were 325 deaths 
from malaria ; in 1901, the first year of the mosquito work, 171 deaths; 
in 1902, the second year of mosquito work, 77 deaths. Since 1902 
there has been a gradual though slower decrease, as follows: 1903, 
51 ; 1904, 44 ; 1905, 32 ; 1906, 26 ; 1907, 23. These results, although 1^ 
striking than those from Ismailia, involved a srtialler expense in 
money and show surely an annual saving of 300 lives, and undoubt- 
edly a corresponding decrease in the number of malarial cases, which 
may be estimated upon our earlier basis at something less than 
40,000. 

YELLOW FEVER. 

Yellow fever has prevailed endemically throughout the West Indies 
and in certain regions on the Spanish Main virtually since the dis- 
covery of America. The Barbados, Jamaica, and Cuba suffered epi- 
demics before the middle of the seventeentn century. There were 
outbreaks in Philadelphia, Charleston, and Boston as early as 1692, 
and for a hundred years there were occasional outbreaks, culminating 
in the great Philadelphia epidemic of 1793. Northern cities were 
able by rigid quarantine measures to prevent great epidemics after 
the early part of the nineteenth century, but from the West Indies 
the disease was occasionally introduced and prevailed from time to 
time epidemically in the Southern States. In 1853 it raged through- 



Digitized by 



Google 



HOWABO.] nrSEOTS THAT GABBY DISEASE* 761 

out this region. New Orleans alone having a mortality of 8,000. The 
last widespread epidemic occurred in 1878, chiefly in Louisiana, Ala- 
bama, and Mississippi, but spreading up the Mississippi Valley as 
far as Cairo, 111., attacking with virulence the city of Memphis, Tenn. 
In this year there were 125,000 cases and 12,000 deaths. In 1882 there 
were 192 deaths at Pensacola; in 1887, 62 deaths in the Southern 
States; in 1893, 52 deaths; in 1897, 484; in 1898, 2,456 cases, with 
117 deaths ; in 1903, 139 deaths were recorded, mostly at Laredo, Tex. ; 
and in 1905 there was a serious outbreak at New Orleans and in 
neighboring towns, including one locality in Mississippi, in which 
911 deaths were recorded for the whole country. 

The actual loss of life from yellow fever during all these years, 
when compared to the loss from other diseases, has been compar- 
atively slight, but the death rate is perhaps the most insignificant 
feature of the devastation which yellow-fever epidemics have pro- 
duced, and the disease itself has been but a small part of the afliction 
which it has brought to the Southern States. The disease once dis- 
covered in epidemic form, the whole country has become alarmed; 
commerce in the affected region has come virtually to a standstill; 
cities have been practically deserted j people have died from exposure 
in camping out m the highlands ; rigid quarantines have been estab- 
lished; innocent persons have been shot while trying to pass these 
quarantine lines; all industry for the time has ceased. The commerce 
of the South during the epidemic of 1878, for example, fell off 90 per 
cent, and the hardships of the population can not be estimated in 
monetary terms. With such industrial and commercial conditions 
existing from Texas to South Carolina, many industries at the North 
have suffered, and, in fact, the effect of a yellow-fever summer in the 
South has been felt not only all over the United States, but in many 
other portions of the world. 

All these conditions, as bad as they have been, do not sum up the 
total loss to the national prosperity during past years. Cities like 
Galveston, New Orleans, Mobile, Memphis, Jacksonville, and Charles- 
ton, subject to occasional epidemics, as they have been in the past, 
have not prospered as they should. Their progress has been greatly 
impeded by this one cause, and thus the industrial development of 
the entire South has been greatly retarded. 

Physicians had been theorizing about the cause of yellow fever 
from the time when they began to treat it. It was thought by many 
that it was carried in the air ; by others that it was conveyed by the 
clothing, bedding, or other articles which had come in contact with a 
yellow-fever patient. There were one or two early suggestions of the 
agency of mosquitoes, but practically no attention was paid to them, 
and they have been resurrected and considered significant only since 
the begmning of the present century. With the discovery of the 
agency of micro-organisms in the causation of disease, a search soon 
began for some causative germ. Many micro-organisms were found in 
the course of the autopsies and many claims were put forth by investi- 
gators. All of these, however, were virtually set at rest bv Sternberg 
m his " Report on the Etiology and Prevention of Yellow Fever," 
published in 1890, but a claim made by Sanarelli in June, 1897, for a 
bacillus which he called Bacillus icteroides received considerable cre- 
dence, and in 1899 it was accepted in full by Wasden and Geddings, 
of tiie Marine-Hospital Service, who reported that they had found 
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this bacillus in 13 or 14 cases of yellow fever in the city of Habana. 
There is no evidence, however, that this bacillus has anything to do 
with yellow fever. In 1881 Finlay, of Habana, proposed the theory 
that yellow fever whatever its cause may be is conveyed by means 
of Culix (now Stegomyia) fou^ciatus (now calojms). Subsequently 
he published several important papers m which his views were modi- 
fied from time to time, and in tne course of which he mentioned 
experiments with 100 individuals, producing 3 cases of mild fever. 
None of the cases, however, was under his full control, and the pos- 
sibility of other methods of gaining the disease was not excluded. 
Therefore his theory, while it was received with interest, was not 
considered to be proved. 

In 1890 came the beginning of the true demonstration. An army 
board was appointed by Surgeon-General Sternberg for the purpose 
of investigating the acute infectious diseases prevailing in the island 
of Cuba. The result achieved by this -board, consisting of Reed, Car- 
roll, Lazear, and Agraraonte, was a demonstration that yellow fever 
is carried by Stegomym calopus^ and their ultimate demonstration 
was so perfect as to silence practicalljr all expert opposition. The 
Third International Sanitary Convention of the American Repub- 
lics unanimously accepted the conclusion that yellow fever is carried 
by this mosquito and that the Stegomyia constitutes the only known 
means by which the disease is spread. To-day, after abundant addi- 
tional demonstration, the ori^nal contention of Reed, Carroll, and 
Agramonte (Lazear having died in the course of the experiments) is 
a part of the accepted knowledge of the medical world. The impor- 
tance of the discovery can not be overestimated, and its first demon- 
stration was followed by antimosquito measures in the city of Ha- 
bana, undertaken, under the direction of Gorgas, with startling 
results. 

Yellow fever had been endemic in Habana for more than one hun- 
dred and fifty years, and Habana was the principal source of infec- 
tion for the rest of Cuba. Other towns in the island could have rid 
themselves of the disease if they had not been constantly reinfected 
from Habana. By ordinary sanitary measures of cleanliness, im- 
proved drainage, and similar means the death rate of the city was 
improved from an average of 40 per thousand under Spanish rule 
to 22 per thousand in 1900, but these measures had no effect ujjon 
yellow fever, this disease increasing as the nonimmune population 
loUowing the Spanish war increased. 

Stegomyia calopu9 was established as the carrier of the fever early 
in 1901, and then antimosquito measures were immediately begun. 
Against adult mosquitoes no general measures were attempted, 
although screening and fumigation were carried out in quarters oc- 
cupied by yellow-fever patients. It was found that the StegomAjia 
bred principally in the rain-water collections in the city itself. The 
city was divided into about 30 districts, and to each district an in- 
spector and two laborers were assigned — each district containing 
about a thousand houses. An order was issued by the mayor of 
Habana reauiring all collections of water to be so covered that mos- 
quitoes could not have access, a fine being imposed in cases where 
the order was not obeyed. The health department covered the rain- 
water barrels of poor families at public expense. All cesspools were 
treated with petroleum. All receptacles containing fresh water 
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which did not comply with the law were emptied and on the second 
offense destroyed. The result of this work thoroughly done was to 
wipe out yellow fever in Habana, and for four years there was 
not a case in Habana or in Cuba. 

In what is termed the " New Orleans epidemic of 1905," a striking 
illustration of the value of this recently acquired mosquito-transmis- 
sion knowledge is seen. The prasence of yellow fever in the city was 
first recognized about the 1st of July, but it was the 12th of August 
before the Public Health and Marine-Hospital Service was put in 
complete control of the situation. By that time the increase in new 
cases and deaths rendered it practically certain that the disease was 
as widespread as during the terrible epidemic of 1878. There had 
been up to that date 142 deaths from a total of 913 cases, as against 
152 deaths from a total of 519 cases in 1878. The Public Health and 
Marine-Hospital Service, under Doctor White, took hold of the situ- 
ation with energy, basing its measures almost entirely upon a war- 
fare against Stegomyia calopus. The disease began almost immedi- 
ately to abate, and the result at the close of the season indicated 460 
deaths, as against 4,046 in 1878, a virtual saving of over 3,500 lives. 
The following table of deaths from yellow fever in New Orleans from 
1847 to 1905 points out most strikingly the value of this antimosquito 
work: 

Comparative table of deaths from yellow fever in New Orleans. 



Months. 


1847. 


1848. 


1853. 


1854. 


1855. 


1858. 


1867. 


1878. 


1906. 


May 






2 

31 

1,521 

5,133 

982 

147 

28 

4 














June 




4 

33 
200 
467 
126 

20 

22* 


2 
29 
532 
1,234 
490 
131 
7 


5 

882 

1,286 

874 

97 

19 

7 


2 

132 
1,140 
2,204 
1,137 

224 
15 


3 

11 

255 

1,637 

1,072 

103 

26 






July 


74 
965 
1,100 
198 
12 
10 
445 


26 

1,026 

1,780 

1,065 

147 

S 


85 


August 


236 


September 


107 


October 


59 


Novem ber 


28 


December 




Months unknown 












.... ........ 






Total 


2,804 


872 


7,848 


2,426 


2,670 


4,8M 


3,107 


4,046 


460 





The epidemics of 1848, 1854, and 1855 are least comparable with 
that of 1905, because they immediately succeed severe epidemics to 
which were due very manv immunes. 

Population of New Orleans by United States Census: 130,565 in 
1850; 168,675 in 1860; 191,418 in 1870; 216,090 in 1880; and 287,104 
in 1900. 

WORK ON THE ISTHMUS OF PANAMA. 

The United States Government has very properly used the services 
of Colonel Gorgas, who was in charge of the eminently successful 
work at Habana, by appointing him chief sanitary officer of the Canal 
Zone during the digging of the canal. In 1904 active work was 
begun, and Colonel Gorgas was fortunate in having the services of 
Mr. Le Prince, who had been chief of his mosquito brigades in 
Habana, and therefore was perfectly familiar with antimosquito 
methods. In Panama, the population had depended principally 
upon rain water for domestic purposes, so that every house had 
cisterns, water barrels, and such receptacles for catching and stor- 
ing rain water. The city was divided into small districts with 
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an inspector in charge of each district.. This inspector was required 
to cover his territory at least twice a week ana to make a report 
upon each building with regard to its condition as to breeding places 
of mosquitoes. All the cisterns, water barrels, and other water re- 
ceptacles in Panama were covered as in Habana, and in the water 
barrels spigots were inserted so that the covers would not have to be 
taken on. Upon first inspection, in March, 4,000 breeding places 
were reported. At the end of October less than 400 containing larva 
were recorded. This gives one a fair idea of the consequent rapid de- 
crease in the number of mosquitoes in the city. These operations 
were directed primarily against the yellow-fever mosquito, and inci- 
dentally against the other common species that inhabit rain-water 
barrels. Against the Anopheles in the suburbs the same kind of work 
was done as in Habana, with exceptionally good results. 

The same operations were carried on in the villages between Pan- 
ama and Colon. There are some twenty of these, running from 500 to 
3,000 inhabitants each. Not a single instance of failure has occurred 
in the disinfection of these small towns, and the result of the work 
has been the apparent elimination of yellow fever and the very great 
reduction of malarial fever. The remarkable character of these re- 
sults can onlv be judged accurately by comparative methods. It is 
well known that during the French occupation there was an enormous 
mortality among European employees, and this was a vital factor in 
the failure of the work. Exact losses can not be estimated, since the 
work was done under 17 different contractors. These contractors 
were charged $1 a day for every sick man to be taken care of in the 
hospital oi the company. Therefore it often happened that when a 
man became sick his employer discharged him so that he would not 
have to bear the expense oi hospital cnarges. There was no police 
patrol of the territory. A great many of these men were found to 
have died along the roadside while endeavoring to find their way to 
the city of Panama. Colonel Gorgas has stated that the English 
consul, who was at the Isthmus during the period of the French con- 
struction, is inclined to think that more deaths of employees occurred 
out of the hospital than in it. The old superintendent of the French 
hospital states that one day 3 of the medical staff died from yel- 
low fever, and in the same month 9 of the medical staff. Thirty- 
six Roman Catholic sisters were brought over as nurses, of whom 24 
died of yellow fever. On one vessel 18 young French engineers came 
over, and within a month all but 1 died. 

Now that the relation of the mosquito to yellow fever is well under- 
stood, it was found during the first two years under Colonel Gorgas 
that although there were constantly one or more yellow-fever cases 
in the hospital, and although the nurses and physicians were all non- 
immunes, not a single case of yellow fever was contracted in that way. 
The nurses never seemed to consider that they were running any risk 
in attending yellow-fever cases night and day in screened wards, and 
the wives and families of officers connected with the hospital lived 
about the grounds, knowing that yellow fever was constantly being 
brought into the grounds and treated in near-by buildings. Ameri- 
cans, sick from any cause, had no fear of being treated in oeds imme- 
diately adjoining those or yellow-fever patients. Colonel Gorgas and 
Doctor Carter lived in the old ward used by the French for their 
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officers, and Colonel Gor^as thinks it safe to say that more men had 
died from yellow fever m that building under the French regime 
than in any other building of the same capacity at present standing. 
He and Doctor Carter had their wives and children with them, whicn 
would formerly have been considered the height of recklessness ; but 
they looked upon themselves, under the now recognized precautions, 
almost as safe as they would have been in Philadelphia or Boston. 

No figures of actual cost of the antimosquito work, either in Habana 
or in the Panama Canal Zone, are accessible to the writer, but it is 
safe to say that it was not exorbitant^ and that it was not beyond the 
means of any well-to-do community m tropical regions. 

THE TYPHOID ELY, COMMONLY KNOWN AS THE "HOUSE ELY." 

The name " typhoid fly " is here proposed as a substitute for the 
name " house fly, now m general use. People have altogether too 
long considered the house fly as a harmless creature, or, at the most, 
simply a nuisance. While scientific researches have shown that it is 
a most dangerous insect from the standpoint of disease, and while 
popular opinion is rapidly being educated to the same point, the 
retention of the name house fly " is considered inadvisable as per- 
petuating in some degree the old ideas. Strictly speaking, the term 
" typhoid fly " is open to some objection as conveymg the erroneous 
idea that this fly is solely responsible for the spread of typhoid ; but 
considering that the insect is dangerous from every point or view, and 
that it is an important element in the spread of typhoid, it seems 
advisable to give it a name which is almost wholly justified and which 
conveys in itself the idea of serious disease. Another repulsive name 
that might be given to it is the " manure fly ; " but recent researches 
have shown that it is not confined to manure as a breeding place, 
although perhaps the great majority of these flies are so propagated. 
For the end in view " typhoid fly " is considered the best name. 

The true connection and the true scientific evidence regarding the 
role of the so-called " house fly " with typhoid fever has only recently 
been worked out. Celli, in 1888, fed flies with pure cultures of the 
Bacillus typhi-abdominalis^ and examined their contents and dejec- 
tions microscopically and culturally. Inoculations of animals were 
also made, proving that the bacilli which passed through flies were 
virulent. Dr. George M. Kober, who is familiar with Celli's re- 
searches, in his report on the prevalence of typhoid fever in the 
District of Columbia, published in 1895, called especial attention to 
the danger of the contamination of food supplies by flies coming 
from the excreta of typhoid patients. The prevalence of typhoid 
fever in the concentration camps of the United States Army in the 
summer of 1898 brought about the appointment of an army typhoid 
commission, consisting of Dr. Walter Reed, U. S. Army; Dr. Victor 
M. Vaughan, U. S. Volunteers; and Dr. E. O. Shakespeare, U. S. 
Volunteers. A paper read by Doctor Vaughan before the annual 
meeting of the Ainerican Medical Association at Atlantic City, N. J., 
June 6, 1900, contained the following conclusions with regard to flies : 

27. Flies undoubtedly served as carriers of the infection. — My reasons for 
belieylng that flies were active in the dissemination of typhoid may be stated 
as follows : 

** a. Flies swarmed over infected fecal matter in the pits and then visited and 
fed upon the food prepared for the soldiers at the mess tents. In some instances 
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where lime had recently been sprinkled over the contents of the pits, flies with 
their feet whitened with lime were seen walliing over the food. 

" &. Officers whose mess tents were protected by means of screens suffered 
proportionately less from typhoid fever than did those whose tents were not so 
protected. 

" c. Typhoid fever gradually disappeared in the fall of 1898, with the approach 
of cold weather, and the consequent disabling of the fly. 

" It is possible for the fly to carry the typhoid bacillus in two ways. In the 
first place, fecal matter containing the typhoid germ may adhere to the fly and be 
mechanically transported. In the second place, it Is possible that the typhoid 
bacillus may be carried in the digestive organs of the fly and may t>e deposited 
with its excrement." 

There were also many important conclusions which bear upon the 
% question. For example, it was shown that every regiment in the 
United States service in 1898 developed typhoid fever, nearly all of 
them within eight weeks lifter assembling in camps. It not only 
appeared in every regiment in the service, but it became epidemic 
both in small encampments of not more than one regiment and in the 
larger ones consisting of one or more corps. AH encampments located 
in the Northern, as well as in the Southern States, exhibited typhoid 
in epidemic form. The miasmatic theory of the origin of typhoid 
fever and the pythogenic theory <» were not supported oy the investi- 
gations of the commission, but the doctrine of the specific origin 
of fever was confirmed. The conclusion was reached that the 
fever is disseminated by the transference of the excretions of 
an infected individual to the alimentary canals of others, and that 
a man infected with typhoid fever may scatter the infection in every 
latrine or regiment before the disease is recognized in himself, while 
germs may be found in the excrement for a long time after the appar- 
ently complete recovery of the patient. Infected water was not an 
important factor in the spread of typhoid in the national encamp- 
ments of 1898, but about one-fifth of the soldiers in the national en- 
campments in the United States during that summer developed this 
disease, while more than 80 per cent of the total deaths were caused 
by typhoid. 

In 1899 the writer be^an the study of the typhoid or house fly 
under both country and city conditions. He made a rather thorough 
investigation of the insect fauna of human excrement, and made a 
further investigation of the species of insects that are attracted to 
food supplies in houses. In a paper entitled "A contribution to the 
study or the insect fauna of human excrement (with especial refer- 
ence to the spread of typhoid fever by flies)," published in the Pro- 
ce^ings of tne Washington Academy of Sciences, Volume II, pages 
541-604, December 28, 1900, he showed that 98.8 per cent of the 
whole number of insects captured in houses throughout the whole 
country under the conditions indicated above were Musca damestica^ 
the typhoid or house fly. He showed further that this fly, while 
breeding most numerously in horse stables, is also attracted to human 
excrement and will breed in this substance. It was shown that in 
towns where the box privy was still in existence the house fly is 
attracted to the excrement, and, further, that it is so attracted in the 

<»This theory is founded npon the l)elief that the colon germ may undergo a 
ripening process by means of which its virulence is so increased and altered that 
it may be converted into the typhoid bacillus, or at least may become the active 
agent in the causation of typhoid fever. 
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filthy regions of a city where sanitary supervision is lax and where 
in low alleys and corners and in vacant lots excrement is deposited. 
He stated that he had seen excrement which had been deposited over- 
night in an alleyway in south Washington swarming with flies under 
the bright sunlight of a June morning (temperature 92*" F.), and 
that within 30 feet of these deposits were the open windows and 
doors of the kitchens of two houses kept by poor people, these two 
houses being only elements in a long row. The following paragraph 
is quoted from the paper just cited : 

Now, when we consider the prevalence of typhoid fever and that yimlent 
typhoid bacllH may occur In the excrement of an individual for some time 
before the disease is recognized in him and that the same virulent germs may 
be found in the excrement for a long time after the apparent recovery of a 
patient, the wonder is not that typhoid is so prevalent but that it does not 
prevail to a much greater extent. Box privies should be abolished in every 
community. The depositing of ejicrement In the open within town or city 
limits should be considered a punishable misdemeanor in communities which 
have not already such regulations, and it should be enforced more rigorously 
in towns in which it is already a rule. Such offenses are generally committed 
after dark and it Is often ditlicult or even impossible to trace the offender ; there- 
fore the regulation should be carried even further and require the first respon- 
sible person who notices the deposit to immediately inform the police so that 
it may be removed or covered up. Dead animals are so reported, but human 
excrement is much more dangerous. Boards of health in all communities 
should look after the proper treatment or disposal of horse manure, primarily 
In order to reduce the number of house flies to a minimum, and all regulations 
regarding the disposal of garbage and foul matter should be made more 
stringent and should be more stringently enforced. 

In the opening sentence of the paragraph just quoted attention 
was called to the activity of bacilli in excreta passed by individuals 
after apparent recovery from typhoid. Since the paper in question 
was published more especial attention has been drawn by medical 
men to this point, and it has been shown that individuals who are 
chronic spreaders of the typhoid germs are much more abundant 
than was formerly supposed. Dr. George A. Soper recently dis- 
covered a striking case of this kind in the person of a cook employed 
successively by several families in the vicinity of New York City, 
with the result that several cases of typhoid occurred in each of these 
families. In a paper by Doctor Davies and Professor Walker, read 
before the Royal Sanitary Institute of London during the present 
season, the history was given of four personal carriers of typhoid 
who had communicated the disease to a number of people. These 
four carriers were detected in one city within a few months, and 
from this fact it can be argiied with justice that such cjises are 
comparatively numerous. This being the case, the danger of un- 
guarded miscellaneous human excreta deposited in city suburbs, in 
vacant lots, in low alleyways, intensifies to a very marked degree the 
danger of food contamination with typhoid bacilli by means of the 
typhoid or house fly. It is well known, too, that the urine of persons 
who have suffered from typhoid fever often contains typhoid bacilli 
for several weeks after the patients have recovered; consequently, 
this also is a source of danger. 

The importance of the typhoid fly as a carrier of the disease in 
armv camps, as shown in the Spanish war and in the Boer war and 
in the camps of great armies of laborers engaged in gigantic enter- 
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prises like the digging of tiie Panama Canal, is obvious, but what has 
just been stated indicates that even under city conditions the influ- 
ence of this fly in the spread of this disease has been greatly under- 
estimated. It is not claimed that under city conditions the house fly 
becomes by this argument a prime factor in the transfer of the dis- 
ease, but it must obviously take a much higher relative rank among 
typhoid conveyers than it has hitherto assumed. Perhaps even under 
city conditions it must assume third rank — ^next to water and milk. 

It is not alone as a carrier of typhoid that this fly is to be feared. 
In the same way it may carry nearly all intestinal diseases. It is a 
prime agent in the spreading of summer dysentery, and in this way 
is unquestionably responsible for the death of many children in sum- 
mer. One of the earliest accurate scientific studies of the agency of 
insects in the transfer of human disease was in regard to flies as 
spreaders of cholera. The belief in this agency long preceded its 
actual proof. Dr. G. E. Nicholas, in the London Lancet,* is quoted 
by Nuttall as writing, in 1849, when cholera prevailed at Malta : 

My first Impression of the possibility of the transfer of the disease by flies 
was derived from the observation of the manner in which these voracious crea- 
tures, present in great numbers and having equal access to the dejections and 
food of patients, gorged themselves indiscriminately and then disgorged them- 
selves on the food and drinking utensils. In 1850 the Superb, in common with 
the rest of the Mediterranean squadron, was at sea nearly six month. During 
the greater part of the time she had cholera on board. On putting to sea, the 
flies were in great force; but after a time they gradually disappeared and the 
epidemic slowly subsided. On going into Malta Harbor, but without communi- 
cating with the shore, the flies returned in greater force and the cholera also 
with increased violence. After more cruising at sea the flies disappeared grad- 
ually with the subsidence of the disease. 

Accurate scientific bacteriological observations by Tizzoni and Cat- 
tani in 1886 showed definitely active cholera organisms in the dejecta 
of flies caught in the cholera wards in Bologna. These observations 
were subsequently verified and extended by Simonds, Offelmann, 
Macrae, and others. 

With tropical dysentery and other enteric diseases practically the 
same conditions exist. In a report by Daniel D. Jackson to the com- 
mittee on pollution of the Merchants' Association in New York, 
published in December, 1907, the results of numerous observations 
upon the relation of flies to intestinal disease are published, and the 
relation of deaths from intestinal diseases in New York City to the 
activity and prevalence of the common house fly is shown not only 
by repeated observations, but also by an interesting plotting of the 
curve of abundance of flies in comparison with the plotted curve of 
abundance of deaths from intestinal diseases, indicating that the 
greatest numbers of flies occurred in the weeks ending July 27 and 
August 3; that the deaths from intestinal diseases rose above the 
normal at the same time at which flies became prevalent, culminated 
at the same high point, and fell off with slight lag at the time of the 
gradual falling on of the prevalence of the insects. 

Similar studies have been carried on during the summer of 1908 
in the citv of Washington, and the curve of typhoid fly abundance 
for the whole city as well as that for a district comprising eight city 
squares, in which intensive studies have been made both of flies and 

« Volume .II, 1873, p. 724. 
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of disease, will be plotted at the close of the season. At the time of 
writing this work has not been completed. 

The typhoid fly also possesses importance as a disseminator of the 
bacilli 01 tuberculosis. In a paper by Dr. Frederick T. Lord, of 
Boston,* the following conclusions are reached : 

1. Flies may ingest tubercular sputum and excrete tubercle bacilli, the viru- 
lence of which may last for at least fifteen days. 

2. The danger of human infection from tubercular fiyspecks is by the inges- 
tion of the specks on food. Spontaneous liberation of tubercle bacilli from 
fiyspecks is unlikely. If mechanically disturbed, infection of the surrounding 
air may occur. 

As a corollary to these conclusions it is suggested that — 

8. Tubercular material (sputum, pus from discharging sinuses, fecal matter 
from patients with intestinal tuberculosis, etc.) should be carefully protected 
from files lest they act as disseminators of the tubercle bacilli. 

4. During the fiy season greater attention should be paid to the screening 
of rooms and hospital wards containing patients with tuberculosis and labora- 
tories where tubercular material Is examined. 

5. As these precautions would not eliminate fly infection by patients at large, 
foodstuffs should be protected from files which may already have ingested tuber- 
cular materiaL 

From all these facts it appears that the most important part played 
by tiie typhoid fly or house fly in the human economy is to carry 
bacteria from one place to another. The following table and com- 
ments are taken fix)m Bulletin No. 51 (April, 1908) of the Storrs 
Agricultural Experiment Station, Storrs, Conn., entitled " Sources 
of Bacteria in Milk," by W. M. Esten and C. J. Mason. 

Sources of bacteria from flies. 



Date. 


Source. 


Total Total acid 
number. bacteria. 


Rapid 
liquefying 
bacteria. 


Slow Bacterium 
llmiVfvlTicr lactisacidi 


Coli- 

aerogenes 

(Group A, 

Class 2). 


1907. 
July 27 


(a> IflT.bacteriolog- 
ical laboratory ... 

(6) 1 fly. bacteriolog- 
ical laboratory ... 

(c) 19 oow stable flies 

Averageperfly. 

(d) 94 iwlU barrel 
flies 


8.150 
550 


250 
100 


600 



100 








July 27 










Aug. 6 


7,9J*0.000 


220.000 





20,0 JO 












420,000 


11,600 





1,000 












Aug. 14 


156,000.000 


8,950,000 








4,320,000 


4,630.000 




Averageperfly. 

(<;) 144 pig pen flies. 

Ayerageperfly. 






1,660,000 


95,300 








46,000 


49,800 


Aug. 14 


138.000,000 


2,110,000 


100,000 


266,000 


933.000 


1,176,000 




923.000 


18,700 


700 


1,150 


6,500 


12,200 


Sept 4 


(/) 18 swlU barrel 
flies 


118.800,000 


40,480,0C0 





14,500,000 


10,480,000 


80,000,000 




Averegcperfly. 

ig) 80 dwelling 
house flies 

Averageperfly. 

{h) 2« dwelling 
house flies 

Averageperfly. 








6,600,000 2,182,000 





804,000 


5^2,000 


1,600 000 


Sept. 21 


1,425,000 125,000 





12,500 














47,580 i 4,167 





417 










Sept 21 


22,880,000 


22,596,000 


120.000 


84,000 














880,000 


8*59,000 


4.600 1 l.SOO 















•Reprinted from the Boston Medical and Surgical Journal for Dec 16, 1904, pp. 
651-654. 
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Somroea of Ifacteria from fUes — Continued. 



Date. 


Souxoe. 


Total 
number. 


Total aoid 
bacteria. 


Rapid 
liquefying 
bacteria. 


Slow 
liquefying 
bacteria. 


Bacterium 
lactisacidi 


O^i- 
acrogenee 
(Group A. 
Class 2). 


1907. 
Sept. 27 


«) IM) dwelling 
house flies 

Aveiageperfly. 

{j) 1 large blue bot- 
tle blow fly 

Total average 
of 414 flies... 

Average per- 
centage of 
414 flies 


86,600,000 


18,670,000 


8,840,000 


126,000 














822,700 


124.200 


80,800 


1,100 














Aug. 20 


808,700 


(•) 






















1,222,670 


807,800 
80 


7,830 
6 


78,600 
6 














Average perfly 
of M flies, 
experiments 
(d), (e), and 
(/) 













8,061,000 


766,000 
26 


230 


268,700 
8 


211.600 

7 


658. 800 
18 




Average per 
cent of 2M 
flies, experi- 
mento (d), 
(e), and (/).. 











• 2,200 mold spores. 

From the above table the bacterial population of 414 flies is pretty well 
represented, the domestic fly passing from a disgusting nuisance and trouble- 
some pest to a reputation of being a dangerous enemy to human health. A 
species of mosquito has been demonstrated to be the cause of the spread of 
malaria. Another kind of mosquito Is the cause of yellow feyer, and now the 
house fly is considered an ag^K^y in the distribution of typhoid fever, summer 
complaint, cholera infantum, etc. 

The numbers of bacteria on a single fly may range all the way from 550 to 
6,600,000. Early in the fly season the numbers of bacteria on flies are compara- 
tively small, while later the numbers are comparatively very large. The 
place where flies live also determines largely the numbers that they carry. 
The average for the 414 flies was about 1,250,000 bacteria on each. It hardly 
seems possible for so small a bit of life to carry so large a number of organisms. 
The method of the experiment was to catch the flies from the several sources 
by means of a sterile fly net, introduce them into a sterile bottle, and pour 
into the bottle a known quantity of sterilized water, then shake the bottle 
to wash the bacteria from their bodies, to simulate the number of organ- 
isms that would come from a fly in falling into a lot of milk. In experiments 
(d), (6), and (/) the bacteria were analyzed into four groups. The objec- 
tionable class, coli-aerogenes type, was 2^ times as abundant as the favor- 
able acid type. If these flies stayed in the pigpen vicinity there would be less 
objection to the flies and the kinds of organisms they carry, but the fly is a migra- 
tory insect, and it visits everything " under the sun." It is almost Impossible 
to keep it out of our kitchens, dining rooms, ^cow stables, and milk rooms. 
The only remedy for this rather serious condition of things is to remove the 
pigpen as far as possible from the dairy and dwelling house. £}xtreme care 
should be taken in keeping flies out of the cow stable, milk rooms, and dwell- 
ings. Flies walking over our food are the cause of one of the worst contamina- 
tions that could occur from the standpoint of cleanliness and the danger of 
distributing disease germs. 

The danger of the typhoid or house fly in the carriage of disease 
has thus been abundantly demonstrated. Further than this, it is an 
intolerable nuisance. With mosquitoes, it necessitates an annual 
outlay for window and door screens in the United States of not less 
than $10,000,000. As a carrier of disease it causes a loss of many 
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milUons of doUaie amiHallj. Dr. Q. M. Kober, in a paper prepared 
for the goreniGrs' conference on the eonservation of natural resources, 
held at the White House in Maj, 1906, entitled '^ The conserration 
of life and health by improved water supply," presented figures show- 
ing that the decrease in the vital assets of the country through 
typhoid f erer in a sin^ year is more than $850,000,000. The house 
fly, as an important amit in the spread of this disease, is responsible 
for a very consideraUe portion of this decrease in vital assets. As 
an agen<gr in the spread of other intestinal diseases, this sum mu^ 
be groatly increased, and yet the fly is allowed to breed unrestricted 
all over the United States; it is allowed to enter freely the houses 
of the great majOTity of our people; it is allowed to spread bacteria 
freely over our food supplies m the n»arkets and in the kitdiens and 
dining ro<Mns of private houses; and, to use the happy phraseology 
of Dr. Theobald Smith, " When we go into public restaurants m 
midsummer, we are compelled to fight Sor our food with the myriads 
of house flies which we nnd there, alert, persistent, and invinciCle.'* 

Even if the typhmd or house fly were a creature difficult to destroy, 
the general failure on the part of communities to make any efforts 
whatever to reduce its numbws could properly be termed criminal 
neglect, but since, as will be shown, it is comparatively an easy mat- 
ter to do away with the plague of flies, this neglect Jbecomes an evi- 
dence of ignorance or of a carelessness in regard to disease-producing 
flhh which to the informed mind constitutes a serious blot on civilized 
methods of life. 

Strange as it majr seem, an exhaustive study of the conditions which 
produce nouse flies in numbers has never bewi made. The life history 
of the insect in general was, down to 187S, mentioned in only three 
European works and few exact facts were, given. In 1873 Dr. A. S. 
Packard, then of Salem, Mass., studied the transformations of the 
insect and gave descriptions of all stages, showing that the growth of 
a generation from the egg state to me adult oaaipies from ten to 
fourteen days. 

In 1895 the writer traced the life history in question, indicating 
that 120 eggs are laid by a single female, and that in Washington in 
midsummer a generation is produced every ten days. Although nu- 
merous substances were experimented with, he was able to breed the 
fly only in horse manure. Xater investigations indicated that the fly 
will breed in human excr^nent and in other fermenting vegetable and 
animal material, but that the vast majority of the flies that infest 
dwelling houses both in cities and on farms come from horse manure. 

In 1907 careful investigations carried on in the city of Liverpool 
hv Robert Newstead, lecturer in economic entomology and parasit- 
ology in the School of Tropical Medicine of the University oi Liver- 
pool, indicated that the chi'ef breeding places of the house fly in that 
city should be classified under the following heads: (1) Midden- 
steads (places where dung is stored) containing horse manure only; 
(2) middensteads containing spent hops; (3) ash pits containing 
lermenting materials. 

He found that the dun^ heaps of stables containing horse manure 
only were the chief breeding places. Where horse and cow manures 
were mixed, the flies bred less numerously, and in barnyards where 
fowls were kept and allowed freedom relatively few house flies were 
found. Only one midden containing warm spent hops was inspected, 
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and this was found to be as badly infested as any of the stable mid- 
dens. A great deal of time was given to the inspection of ash pits, 
and it was found that wherever fermentation had taken place and 
artificial heat had been thus produced such places were infested with 
house fly larvae and pupae often to the same alarming extent as in 
stable manure. Such ash pits as these almost invariably contained 
large quantities of old bedding or straw and paper, paper mixed with 
human excreta, or old rags, manure from raboit hutches, etc., or a 
mixture of all these. About 26 per cent of the ash pits examined were 
thus infested, and house flies were found breeding m smaller numbers 
in ash pits in which no heat had been engendered by fermentation. 
The house fly was also found breeding by Mr. Newstead in certain 
temporary breeding places, such as collections of fermenting ve^table 
refuse, accumulations of manure at wharves, and in beddmg in 
poultry pens. 

Still more recent investigations have been carried on during the 
year 1908 by Prof. S. A. Forbes, state entomologist of Illinois, who 
has reared it in large numbers from the contents of paunches of 
slaughtered cattle, from refuse hog hairs, from tallow vats, from car- 
casses of various animals, miscellaneous garbage, and so on. 

All this means that if we allow the accumulation of filth we will 
have house flies, and if we do not allow it to accumulate we will have 
no house flies. With the careful collection of garbage in cans and the 
removal of the contents at more frequent intervals than ten days, 
with the proper regulation of abattoirs, and particularly with the 
proper regulations of stables in which horses are kept, the typhoid 
fly will become a rare species. It will not be necessary to treat norse 
manure with chloride of lime or with kerosene or with a solution of 
paris green or arsenate of lead, if stable men are re^juired to place the 
manure daily in a proper covered receptacle and it is carried away 
once a week. 

The orders of the healtii department of the District of Columbia, 
published May 3, 1906, if carried out, will be very effective. These 
orders may briefly be condensed as follows: 

All stalls in which animals are kept sliall liave the surface of the ground 
covered with a water-tight floor. E3very person occupying- a building where 
domestic animals are kept shall maintain, in connection therewith, a bin or pit 
for the reception of manure, and pending the removal from the premises of the 
manure from the animal or animals, shall place such manure in said bin or pit. 
This bin shall be so constructed as to exclude rain water, and shall in aU otlier 
respects be water-tight except as it may be connected with the public sewer. It 
shall be provided with a suitable cover and constructed so as to prevent the 
ingress or, egress of flies. No person owning a stable shall keep any manure or 
permit any manure to be kept in or upon any portion of the premises other than 
the bin or pit described, nor shall he allow any such bin or pit to be oyerfiUed 
or needlessly uncovered. Horse manure may be kept tightly rammed into well- 
covered barrels for the purpose of removal in such barrels. Every person keep- 
ing manure in any of the more densely populated parts of the District shall 
cause all such manure to be removed from the premises at least twice every 
week between June 1 and October 31, and at least once every week between 
November 1 and May 31 of the following year. No person shall remove or trans- 
port any manure over any public highway in any of the more densely populated 
parts of the District except in a tight vehicle which, If not inclosed, must be 
effectually covered with canvas so as to prevent the manure from being dropped. 
No person shall deposit manure removed from the bins or pits witliln any of 
the more densely populated parts of the District without a permit from the 
health oflScer. Any person violating any of these provisions shall, upon convic- 
tion thereof, be punished by a fine of not more than $40 for each offense. 



Digitized by 



Google 



ttowABD.] INSECTS THAT CABBT DISEASE. 773 

In addition to this excellent ordinance, others have been issued from 
the health department of the District of Columbia which provide 
against the contamination of exposed food by flies and by dust The 
ordinances are excellently woraed so as to cover all possible cases. 
They provide for the registration of all stores, markets, cafes, lunch 
rooms, or of any otiier place where food or bevera^ is manufactured 
or prepared for sale, stored for sale, offered for sale, or sold, in order 
to facilitate inspection, and still more recent ordinances provide for 
the registration of stables. An excellent campaign was begun during 
the summer of 1908 against insanitarv lunch rooms and restaurants. 
A number of cases were prosecuted, but conviction was found to be 
difficult. 

For one reason or another, the chief reason being the lack of a suffi- 
cient force of inspectors under the control of the health officer, the 
ordinance in regard to stables has not been carried out with that per- 
fection which the situation demands. In the simwuer of 1896 the 
health officer of the District, Dr. W. C. Woodward, designated a 
region in Washington bounded by Pennsylvania avenue. Sixth street, 
Fifteenth street, and the Potomac River, which was to be watched by 
assistants of the writer. Twenty- four stables were located in this 
region and were visited weekly by two assistants chosen for the pur- 
pose. The result was that on the whole the manure was well looked 
after and the number of flies in the region in question was very con- 
siderably reduced during the time of inspection. 

Were simple inspection of stables all that is needed, a force of four 
inspectors, especially detailed for this work, could cover the District 
of Columbia, examining once a week all the stables after they had 
been once located and mapped. The average salary of an inspector 
is $1,147, so that the total expense for the first year would be about 
$4,5(K). But the inspectors' service is complicated by the matter of 
prosecution. Much of the time of inspectors would be taken in the 
prosecution of the owners of neglected premises. Moreover, the 
health officer has found during the summer of 1908 in his prosecution 
of the owners or managers of insanitary restaurants that his in- 
spectors were practically sworn out of court by the multiplicity of 
opposing evidence. This means that it will be necessary in such cases 
to send two inspectors together in all cases, so that the testimony of 
one may be supported by that of the other. This perhaps would 
double the number of necessary inspectors, making the expense of the 
service something over $9,000. It is reasonably safe to state, how- 
ever, that with such an expense for competent service, or perhaps with 
a slightly added expense, the typhoid fly could be largely eliminated 
in the District of Columbia as an element in the transfer of disease; 
and the difficulty which the authorities have had in locating the 
cause of a very considerable proportion of the cases of typhoid in 
the past two or three years indicates plainly to the mind of the 
writer that the typhoid fly is a much more important element than 
has been supposed. It is a comforting, although comparatively insig- 
nificant, fact that as a matter of common observation in certain 
sections of the city the typhoid fly has been much less numerous dur- 
ing the past summer than in previous years. 'The writer is inclined 
to attribute this to the gradual disappearance of horse stables in 
such sections, brought about by the rapidly increasing use of motor 
vehicles. 
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A simificant paragraph in Mr. NewBtead's Liverpool report, 
referred to above, contains tlie following words : 

The most strenuous efforts should be made to preveat children defecating In 
the courts and passages; or that the parents should be compeUed to remove 
such matter immediately; and that dtCecatioa in stable middens should be 
strictly forbidden. The danger lies in the ovorwhelsiiBg attractkm which 
such fecal matter has for house flies, which later may afterwards come into 
direct contact with man or his foodstuffa They may, as Veeder puts it, " In 
a very few minutes ♦ ♦ ♦ load themselves with dejecticms from a typhoid 
or dysenteric patient, not as yet sick enough to be in hospital or under observa- 
tion, and carry the poison «> taken ap tato tbe very midst of the food and 
water ready for use at the next meaL Thare is no long, roundabout process 
involved." 

The writer has already referred to this general subject in his re- 
marks on the depositing of excrement in the open within town or 
city limits, but Newstead's specific reference to chiidr^i reminds one 
that in the tenement districts of the older great cities of Enffland 
and other parts of Europe there occur opportunities foar tran^r of 
disease which, while probably less numerous in the newer cities of 
the United States, nevertheless must still exist and be a constant 
danger. 

We have thus shown that the typhoid or house fly is a general and 
common carrier of pathogenic bacteria. It may carry typhoid fevier, 
Asiatic cholera, dysentery, cholera morbus, and other intestinal 
diseases; it may carry the bacilli of tuberculosis and certain eye 
diseases. It is everywhere present, and may be disposed of with 
comparative ease. It is the duty of every individual to guard so far 
as possible against the occurrence of flies upon his premises. It is the 
duty of every community, through its board or health, to spend 
money in warfare against this enemy of mankind. This duty is 
as pronounced as though the community were atladrad by bands of 
ravenous wolves. 

As a matter of fact, large sums of money are spent annually in 
the protection of property in the United StaU^ and on matters pertain- 
ing to health. But the expenditure for fly protection is very small 
and misdirected. Hiere is much justification for the criticism pub- 
lished editoraUy in the Journal of the American Medical Associatioa 
for August 22, 1908, under the caption " National farm commission 
and rural sanitation : " 

The President calls attention to the fact that all efforts to aid the farmers 
have hitherto been directed to improving their material welfare, while the naii 
himself and his family have been neglected. Nowhere is tliis more marked than 
in the attitude of the General Government in matters relating to sanitation. 
It is a trite saying that whereas the €k)vemment, through the Department of 
Agriculture, aids the farmer generously in caring for the health of his hogs, 
sheep, etc., it does nothing for his own health. The Goremment issues notices 
to the farmer of the injury done to his crops by the cotton-boil weevU and the 
potato bugs and how to combat it, but the injury the mosquito does in spreading 
malaria to the i)eople who pick the cotton and hoe the potatoes is not impressed 
on him. The fact tliat horseflies may carry anthrax to his cattle is dealt with 
at considerable length, but the diseases which the house fly spreads to the milk 
and to the farmer's family attract practicaUy mo attention. How to buUd a 
hog p^i or a sanitary barn is the subject of a number of govemment publica- 
tions, but how to build a sanitary privy, which will prevent the spread of 
typhoid, hook-worm, and many other diseases, is regarded as of strictly local 
interest. 

But this criticism is not entirely justified, since there was puULshed 
by the Bureau of Entomology of the United States Department of 
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Agriculture in 1900 a Fanners' Bulletin entitled " How Insects AflFect 
Health in Rural Districts," in which all of the points mentioned by 
the editor of the Journal of the American Medical Association have 
been touched upon, and at the date of present writing 192,000 copies 
of this bulletin have been distributed ennons the people. Moreover, 
u number of years ago a circular was published on the subject of the 
house fly, calling attention to its dangers and giving^ instructions 
such as are covered in a general way in this article, and some 18,000 
copies of this circular have also been distributed. This is an indica- 
tion that the General Government is by no means blind to the people's 
needs in such matters as we have under consideration, but further 
work should be done. That the English Government is awaking to 
the same need is shown by the fact that in the parliamentary vote of 
the present year, in aid oi scientific investigations concerning disease, 
one of the projects supported by the General Government was the 
investigation oi Doctors Copeman and Nuttall on flies as carriers of 
disease. 

A leading editorial in the Washington Evening Star of October 20, 
1908, bears the heading " Typhoid a national scourge," arguing that 
it is to-day as great a scourge as tuberculosis. The editorial writer 
might equally well have used the heading "Typhoid a national re- 
proach," or perhaps even " Typhoid a national crime," since it is an 
absolutely preventable disease. And as for the typhoid fly, that a 
creature born in indescribable filth and absolutely swarming with 
disease germs should practically be invited to multiply unchecked, 
even in great centers of population, is surely nothing less than 
criminal. 

ENDEMIC DISEASE AS AEFEOnNG THE PROGBESS OF NATIONS. 

In referring to the spread of malaria in Greece, the influence of 
this disease on the rise and fall of national power has been touched 
upon in an earlier paragraph of this report. The subject is one of the 
widest importance and deserves a more extended oonsjideration. 

The following paragraphs are quoted from Ronald Ross's address 
on " Malaria in Greece," delivered before the Oxford Medical Society 
November 29, 1906: 

Now, what must be the effect of this ubiquitous and everlasting incubus of 
disease on the people of modem Greece? Remember that the malady is essen- 
tially one of infancy among the native population. Infecting the child one or 
two years after birth, it persecutes him until puberty with a long succession of 
febrile attacks, accompanied by much splenomegaly and anaemia. Imagine the 
effect it would produce upon our own children here in Britain. It is true that 
our children suffer from nniny complaints — scarlatina, measles, whooping 
cough — but these are of brief duration and transient But now add to these, in 
imagination, a malady which lasts for years, and may sometimes attack every 
child in a village. What would be the effect upon our population, especially 
our rural population — upon their numbers and upon the health and vigor of the 
survivors? It must be enormous in Greece. People often seem to Uiink that 
such a plague strtngthens a race by killing off the weaker individuals ; but this 
view rests upon the unproven assumption that it is really the weaker children 
which can not survive. On the contrary, experience seems to show that it is 
the stronger blood which suffers most — the fair, northern blood which nature 
attempts constantly to pour into the southern lands. If this be true, the effect 
of malaria will be constantly to resist the invigorating influx which nature has 
provided; and there are many facts In the history of India, Italy, and Africa 
which could be brought forward in supijort of this hypothesis. 
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We now come face to face with that profoundly interesting subject, the 
political, economical, and historical significance of this great disease. We know 
that malaria must have existed in Greece ever since the time of Hippocrates, 
about 400 B. C. What effect has it had on the life of the country? In pre- 
historic times Greece was certainly peopled by successive waves of Aryan in- 
vaders from the North, probably a fair-haired people, who made it what it 
became, who conquered Persia and Egypt, and who created the sciences, arts, 
and philosophies which we are only developing further to-day. That race 
reached its climax of development at the time of Pericles. Those great and 
beautiful valleys were thickly peopled by a civilization which in some ways has 
not since been excelled. Everywhere th^e were cities, temples, oracles, arts, 
philosophies, and a population vigorous and well trained in arms. Lake Kopais, 
now almost deserted, was surrounded by towns whose massive works remain to 
this day. Suddenly, however, a blight fell over all. Was it due to internecine 
conflict or to foreign conquest? Scarcely ; for history shows that war bums and 
ravages, but does not annihilate. Thebes was thrice destroyed, but thrice 
rebuilt. Or was it due to some cause, entering furtively and gradually, sapping 
away the energies of the race by attacking the rural population, by slaying the 
naw-bom infant, by seizing the rising generation, and especially by killing out 
the fair-haired descendant of the original settlers, leaving behind chiefly the 
more immunized and darker children of their captives, won by the sword from 
Asia and Africa? ♦ ♦ ♦ 

I can not imagine Lake Kopais, in its present highly malarious condition, to 
have been thickly peopled by a vigorous race; nor, on looking at those won- 
derful flgured tombstones at Athens, can I imagine that the healthy and power- 
ful people represented upon them could have ever passed through the anaemic 
and splenomegalous infancy (to coin a word) caused by widespread malaria. 
Well, I venture only to suggest the hypothesis, and must leave it to scholars 
for confirmation or rejection. Of one thing I am confident, that causes 
such as malaria, dysentery, and intestinal entozoa must have modified history 
to a much greater extent than we conceive. Our historians and economists 
do not seem even to have considered the matter. It is true that they speak 
of epidemic diseases, but the endemic diseases are really those of the greatest 
importance. * ♦ ♦ 

The whole life of Greece must suffer from this weight, which crushes its 
rural energies. Where the children suffer so much, how can the countiy 
create that fresh blood which keeps a nation young? But for a hamlet here 
and there, those famous valleys are deserted. I saw from a spur of Helicon 
the sun setting upon Parnassus, Apollo sinking, as he was wont to do, toward 
his own fane at Delphi, and pouring a fiood of light over the great Kopaik 
plain. But it seemed that he was the only inhabitant of it. There was nothing 
there. "Who," said a rich Greek to me, "would think of going to live In 
such a place as that? " I doubt much whether it is the Turk who h&i done all 
this. I think it is very largely the malaria. 

In considering carefully this suggestive argument of Major Boss, 
does it not appear to indicate the tremendous influence that the 
prevalence of endemic disease must exert upon the progress of mod- 
em nations, and does it not bring the thought that those nations 
that are most advanced in sanitary science and preventive medicine 
will, other things being equal, assume the lead in the world's 
work? Who can estimate the influence of the sanitary laws of the 
Hebrew scriptures upon the extraordinary persistence of that race 
through centuries of European oppression, centuries full of pla^e 
years and of terrible mortality from preventable disease? Ana what 
more striking example can be advanced of the effect of an enlight- 
ened and scientifically careful attention to the most recent advances 
of preventive medicine upon the progress of nations than the mor- 
tality statistics of the Japanese armies in the recent Russian- Japa- 
nese war as compared with the corresponding statistics for the 
British army during the Boer war immediately preceding, or the 
American army during the Spanish war at a somewhat earner date! 
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The consideration of these elements of national progress has been 
neglected by historians, but they are nevertheless of deep-reaching 
importance and must attract the immediate attention in this age of 
advanced civilization. The world has entered the historical age 
when national greatness and national decay will be based on physical 
rather than moral conditions, and it is vitally incumbent upon 
nations to use every possible effort and every possible means to 
check physical deterioration. 

SUMMABY OF LOSSES FBOM INJUBIOUS INSECTS. 

This report on the economic loss to the people of the United States 
through insects that carry disease is one of a series of reports made 
to the Commission on the Conservation of Natural Resources on the 
losses due to injurious insects. The insect losses in the United States 
are undoubtedly heavier than in any other country in the world. 
There are many insect pests for every plant grown on the farm 
and for every kind of tree represented in our natural forests. All 
domestic animals suffer seriously from parasitic and other insects, 
and above the reduction in the annual mcrease of products is the 
heavy loss occasioned by insects to the accumulated stores of pre- 
vious years of such staples as grains, tobacco, manufactured woods, 
hides and furs, and certain animal food products. There is in addi- 
tion, also, the serious check on production caused by the prevalence 
of insect-borne diseases. 

Estimating all of these losses at the lowest reasonable percentage, 
a total so enormous is reached that it staggers the belief of anyone 
who has not given the subject careful study or considered the enor- 
mous annual output of products involved. 

To meet the requirements of the schedule of inquiries submitted, 
the losses which are chargeable to insect pests fall under four heads, 
namely, (1) relating directly to plant products other than natural 
forests; (2) relating to natural forests and forest products; (3) due 
to insect enemies of live stock; and (4) due to the relation of insects 
to disease. To get a comprehensive view, the amount of loss esti- 
mated as falling under each of these four heads is here indicated. 



Subject. 



Plant products of the farm . 

Natural forest products 

Animal products 

Insects versus disease 



Total. 



Percentage 
of loss on 

annual 
output or 

value. 



Amount of losi. 



10-80 
10 
10 



1662,600,000 
IdO.OOO.OUO 
267,0 A 000 
200,000,000 



1,249,600,000 
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coal deposits in 417 

desert-fand reclamation in , 422 

frauds connected with 388,392,896,415 

graziuff on 866,360 

mineral bearing 418,521 

Pugh,W.B., desert-land act .* 422 

PuDlic range *. 855,360 

Quaintance, A. L., insect damage to fruits 809 

Bain&dl 227 

Ratsandmice 338 

Beclamation of desert lands 423 

of swamp lands 364,867,874 

Reforestation 270 

R^stration of births and deaths 685 

Rhode Island, com yield in 15 

Rice -. 178 

Rocky Mountain iron ores 568 

Rodents, losses from 818 

Roots 178 

Roumania, crop yield in ^.-. 28,41,162 

Russia, crop yield in 19,23,41,163 

flre losses in 614,615,619 

Rye 174,179 

yield of 6,8,174 

yield in Europe of 24,87 

St Aul, fire losses in 616 

St Petersburg, mortality rate in 644 

San Francisco, invasion of rats 339 

San Jose scale 310 

Schools in relation to national vitality 629,694,750 

Schwartz, U. H., timber and stone act and commutation clause of homestead 

act 387 

Scofleld, 0. S., agriculture as a national asset 254 
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Scrip rightB 408 

Scurvy 053 

Servia, crop yield in 23,42 

Shad fishery 384 

Sheep, loeses by disease 346 

Siam, rice in 1 75 

Silver 534 

Skunk fur 329 

Smallpox 625,651 

Smith, H.M., fisheries 381 

Sm ut losses to oats • 210 

Soils, analyses of 27, 44 

Bureau of 4 

composition of 26, 44 

control of 38 

ferUlity of 9,203,243,255,269 

influence of farming systems on 168 

Soldiers' additional homestead rights 406 

Sorghums 176,186 

South Carolina, crop yield in 12, 16, 154 

droughts in 231 

iron ores in - 500 

peat in 477,482 

phosphate rock in 558,559,561,565 

swamp lands in 366, 371 

South Dakota, coal statistics in 440 

droughts in 229,231 

gold in 414,527 

homesteaders in 411 

natural gas in 465 

peat in 477,481 

swamp lands in 371 

Spain, copper in 538 

crop yield in 23, 42 

teildin 547 

rice in 175 

Species, original homes of 216 

Spillman, W. J., agricultural production 257 

Sponge culture 385 

Statistics of crops. See individual crops. 

Stimulants (plants) 178 

Stockholm, mvasion of rats in 338 

Stone, building 604 

Structural materials, losses of 604 

losses in Europe 614 

Subbituminous coal. See Coal. 

Substitutes for structural materials 604 

Sugar beet 1 85 

Sugar cane 307 

Sugar plants 178,185 

Swamp lands 361,373 

Sweden, crop yield in 23, 42 

national vitality in 638,640,642,724 

Swine, losses by disease 348 

Swingle, W. T., crop production - 241 

Switzerland, crop yield in 48 

fire losses in 614,616 

Tar 433,478 

Tariff on lead 552 

Teas 191 

Tennessee, coal statistics in 440 

copper in 539 

crop yield in 13,154 

droughts m 231,233,235 

iron ores in 497,498,502,504,506 

petroleum in • 461 

phosphate rock in 558,559,562,666 
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Tenure of farm lands 376 

of niinetal lands 571 

Texas, coal statiqtics in 440 

crop yield ia. 13,17,154 

damage to crops in 305, 307 

droughtain 231,233,234,236 

iron ores in 505, 608 

natural gas in 466 

petroleum in 447 

prairie-dog colonies in 334 

swamp lands in 371 

Timber and stone act 387 

Timber lauds, acquiring of 388 

Tobacco 191 

damage to 307,308 

fertilizers for 121,126,193 

Tribe of Ishmael 627,675 

True, A. C, interpretation of crop statistics 266 

swamp and overflow lands 373 

Tuberculosis of animals 351 

of man 350,660 

Tubers 178 

Typhoid fever 625,650,657 

Typhoid fly 765 

United Kingdom, crop yield in 19,23,48,162 

•fire losses in 614,615,616,619 

gold in 533 

losses from rodents in 339 

national vitality in 638,640,642,649,724 

soil analyses in 72 

Utah, coal statistics in 441 

copper in 638, 543 

iron ores in 509, 510 

lands fraudulently acquired in 1 398 

lead in 648,550 

natural gas in 465 

phosphate rock in 558,563,565 

silver in 534 

Value of increased vitality 634, 739 

Van Horn, F. B., phosphate deposits 558 

Vegetables 198,212 

Venereal diseases 625,632,657,714 

Vermont, crop yield in 11,15,154 

hunting privileges in 317,324,325,326 

iron ores in 601 

national vitality in 643,698 

Vetches 184 

Virginia, agricultural conditions in » 251 

coal statistics in 427, 441 

crop yield in 12,16,154 

droughts in 233 

fruit production in 198 

iron ores in 497,498,600,502 

peat in 482 

swamp lands in 1 371 

Warburton, C. W., oat crop 205 

Washington, coal statistics in 441 

dama^ by rodents in 396 

fisheries in 384 

bun ting privileges in....... 820 

iron ores in ^10 

natural gas in 466 

oats in 205 

Wastes. See Lombs. 

Water resources of Alaska 699 

Water rights on desert lands 4S4 
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Water Boppliee 628,680 

Wealth prodaoed from land 144 

W eath er Bureau 4 

West Virginia coal statistics in 441 

iron ores in 502 

natural gas in 465 

petroleum in 449,451,460 

wheat yield in 13 

Wheat 158 

crop yield versus population 261 

damajseto 302,304 

production necessary for future consumption 160, 166 

yield of 5,8,10,11,162,257,261,267 

yield in Europe of 24, 37 

White scale 309 

Whitney, Milton, fertilizers and fertilizer inspection 108 

crop yields and soil composition 9 

Wiley, H. W., conservation of soil fertility 269 

Williams, 8. W., rights analogous to scrip : 403 

Wilson, H. M., waste of structural materials 604 

Wisconsin, accidents to life in 669 

crop yield in 12,16,154 

droughtsin 228,229,233 

fisheries in 384 

hunting privileges in 320, 324 

iron ores in 489,491,492,496,497 

lands fraudulently acquired in 390, 399 

peat in 477,482 

swamp lands in 371 

zinc in 554, 555 

Wolves 333 

Wood alcohol 479 

Woods, A. F., agricultural proiluction 146 

droughts and their influence on com crop 227 

Working day 626,667,682 

Wyoming, coal statistics in 442 

copper in 538 

iron ores in ^ 508 

lands fraudulently acquired in 399 

natural gasin 465 

losses from mammals in 333 

petroleum in 452 

phosphate rock in 558, 563, 565 

Yellow fever 652,654,760 

Yields of crops. See individual crops. 

Zinc - 553 
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